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FUNCTIONAL  ELECTRONIC  AMPLIFIERS  WITH  BROAD  DYNAMIC  BAND. 


V.  M.  Volkov. 


Pages  2-4. 

No  typing. 

Page  5. 

Preface. 

The  rapid  development  of  radio  electronics  and  a  deep 
penetration  of  it  virtually  into  all  areas  of  science  and  technology 
stipulated  the  need  for  the  creation  of  amplifiers  with  the 
functional  amplitude  characteristic  in  the  broad  dynamic  band  of  a 
change  in  the  signal.  The  fields  of  application  of  functional 
amplifiers  are  very  diverse:  radar,  ground-based  and  space  radio 
communication,  technique  of  measurement,  automated  control  systems, 
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computers,  etc.  Without  the  functional  amplifiers  not  at  all 
conceived  the  execution  of  the  device/equipment,  which  simulates 
living  organism. 

To  questions  of  the  expansion  of  the  dynamic  range  of 
amplifiers,  in  particular,  to  the  automatic  gain  control  (ARU)  are 
devoted  many  works.  For  example,  in  the  latter/last  five  years  to 
questions  of  ARU  only  in  the  transistorized  amplifiers  are  devoted 
more  than  200  Soviet  and  foreign  works.  However,  in  the  majority  of 
the  cases  the  use/application  of  ARU  provides  for  volume  compression 
of  output  effect  without  taking  into  account  the  form  of  amplitude 
characteristic  only. 

At  present  in  the  technical  literature  from  the  functional 
amplifiers  logarithmic  amplifiers  [7,  8]  are  sufficiently  widely 
described.  However,  until  now,  are  not  presented 
general/common/total  theory  and  des ign. procedure  of  amplifiers  with 
FAKh  of  any  type  in  the  broad  dynamic  band  both  on  the  tubes  and  on 
the  transistors. 

Page  6. 

In  this  book  is  made  the  attempt  to  complete  this  gap/spacing 
and  to  give  general/common/total  approach  to  the  design  of  functional 
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amplifiers  independent  of  the  type  of  amplifier  instrument. 


The  material,  published  in  the  book,  is  the  result  of  the 
10-year  work  of  the  author  and  is  to  a  considerable  extent  original 


Observations  and  wish  about  the  book  we  request  to  direct  to 
address:  Kiev,  4,  Puskinskaya,  28,  publishing  house. 
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Chapter  1. 

METHODS  OF  OBTAINING  THE  FUNCTIONAL  AMPLITUDE  CHARACTERISTICS  IN 
AMPLIFIERS. 

SI.  Criteria  of  evaluation  of  amplifiers  with  broad  dynamic  band. 

The  creation  of  functional  amplifiers  with  the  broad  dynamic 
band  ( ShDD )  on  the  input  effect  v  1  is  at  present  urgent  problem. 

FOOTNOTE  1 .  By  input  effect  v  and  output  effect  e  for  the  electronic 
amplifiers  should  be  understood  one  of  three  values:  voltage/stress, 
current  or  power  in  the  dependence  on  the  designation/purpose  of 
functional  amplifier.  ENDFOOTNOTE. 

This  problem  even  more  is  complicated  in  the  case  of  applying  as  the 
amplifier  instruments  the  transistors,  which  have  a  small  dynamic 
range  on  the  input  effect.  Tn  spite  of  that  even  number  amplifiers 
with  the  broad  dynamic  band  already  extensively  are  used,  up  to  now 
there  is  no  general/common/total  criterion,  by  using  which  it  would 
be  possible  to  consider  different  amplifiers  with  ShDD.  By  the 
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dynamic  range  of  the  input  effect  of  amplifier,  or  dynamic  range  of 
amplifier,  is  understood  the  ratio  of  the  maximum  level  of  input 
effect  to  minimum  level  (Fig.  1): 


Value  corresponds  to  the  level,  on  which  the  amplifier 

loses  its  amplifier  properties.  Value  is  determined  by  the  level, 
on  which  output  effect  >«a  is  sufficient  for  the  normal  work  of  the 
device/equipment,  connected  at  the  output  of  amplifier.  Usually  vMn 
is  determined  by  the  inherent  noise  level  of  amplifier,  i .  e 


Usual  one-  and  multistage  linear  amplifiers  will  be  considered. 
Let  us  assume  that  linear  amplifier  stage  has  amplitude 
characteristic,  depicted  in  Fig.  1  (curve  1),  and  its  dynamic  range 
is  determined  by  expression  (1-1). 


Page  8. 

Transmission  factor  of  cascade/stage  K. 


Then  for  n-cascade  amplifier  the  maximum  input  effect 


ja  mw . 


the  minimum  input  effect 
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With  K^l  it  is  possible  to  take 

Emma  ™ 

then  the  dynamic  ranee  of  n-cascade  amplifier 

D  mm  _  ''tuna  d 

'mum  “  Jr~l  ’  ^*2) 

i.e.  JC"“l  once  is  less  than  the  dynamic  range  of  cascade/stage. 

Let  us  assume  that  for  amplifier  stage,  carried  out  on  the  tube, 
*ihm~5  v,  Kal 0 •  Then  according  to  equation  (1-1)  d=100  dB. 

We  accept  a  number  of  cascades/stages  n*5.  Then  according  to 
expression  (1-2)  D,a20  dB. 

From  the  given  examples  it  is  evident  that  it  is  difficult  to 
judge,  what  amplifier  is  better  from  the  point  of  view  of  its  dynamic 
and  amplifier  properties.  For  the  quantitative  estimation  of  the 
amplifier  and  dynamic  properties  of  amplifiers,  assembled  on  this 
type  of  amplifier  instruments,  it  is  expedient  to  introduce  the 
concept  of  the  dynamic  qualii 

for  the  cascade/stage 

9*  -  Kdi 

for  n-cascade  amplifier 

<?*  -  IC'D. 


ty: 


(1-3) 


(1-4) 
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7 

Fig.  1.  Amplitude  characteristics  of  linear  and  nonlinear  amplifiers. 

Page  9. 

Substituting  in  formulas  (1-3),  (1-4)  values  d  and  D,  we  obtain 

i.e.,  with  the  linear  amplification  the  quality  one-  and  multistage 
amplifiers  is  identical.  Now  it  is  possible  to  claim  that  that  linear 
amplifier  is  better,  whose  dynamic  quality  is  more. 

However,  this  confirmation  it  is  insufficient  for  the  functional 
(nonlinear)  amplifiers.  Let  us  show  this  based  on  the  example  of 
single-stage  amplifier.  Let  us  assume  that  functional  amplifier  stage 
consists  of  linear  amplifier  stage  (U)  and  functional  unit  (FE), 
which  can  be  connected  in  series  on  the  diagram  in  Fig.  2a  or  Fig. 

2b.  Let  us  consider  several  simplest  versions  of  the  functional 
amplifiers: 


1.  Linear  amplifier  stage  has  following  data:  K',  d  ’ ,  9*  “ 
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(curve  1  in  Fig.  1).  The  functional  unit,  which  forms  amplitude 

characteristic,  is  connected  at  the  output  of  amplifier  (Fig.  2a).  In 

this  case  the  effect  vm«m  remained  as  before,  since  it  is 

determined  by  amplifier,  it  is  more  accurate,  by  amplifier  instrument 

(curve  3  in  Fig.  1).  For  the  functional  amplifier  we  have: 

i.e. 

Kw-fT;  »  d' \  q*  *y  **  q'A,*  dynamic  range  and  dynamic  quality  was  not 

changed  in  comparison  with  the  linear  amplifier. 

2.  Functional  unit  is  connected  at  input  of  amplifier  (Fig.  2b). 
In  this  case  maximum  value  »» > (curve  2  in  Fig.  1). 

i-e  t  us  assume  that  -  «»«,*,  Then  ,with  the  equality  of  initial 
transmission  factors  K  we  have:  — ;.e.  ®y  > ®v- 

3.  Amplifier  has  data:  K"  =K’/m;  *MaB4  w  ql  —  g^euAr«,4  in  Fig.  1). 

Functional  amplifier  is  assembled  on  the  block  diagram  Fig.  2b.  It 
has  following  data:  K'W-KT  v,^  . 

As  can  be  seen  from  the  given  examples,  dynamic  quality  of  FU, 
assembled  on  the  identical  amplifier  instruments,  depends  on  the 
structure  of  construction  of  FU,  and  with  the  identical  structure  of 
construction  of  FU  its  dynamic  quality  depends  on  the  quality  of 
linear  amplifier  stage. 


DOC  *  83138001 


PAGE  9 


MI 

a 

JUQ-Qi. 

Fig.  2.  Possible  versions  of  the  construction  of  the  schematics  of 
functional  amplifiers. 

Page  10. 

With  the  linear  load  the  quality  of  amplifier  stage  can  be  replaced 
with  the  quality  of  amplifier  instrument. 

For  a  comparative  evaluation  of  dynamic  qualities  of  FU  of 
identical  structure  it  is  expedient  to  introduce  the  concept  of  the 
standardized/normalized  quality 

(1-5) 

which  does  not  depend  on  the  quality  of  amplifier  instrument  (linear 
cascade/stage).  Then  for  the  linear  amplifier 

i.  _  3 a.  a»«  _  4 

“  aa*  "  ~  ""  *• 

v*.  jum 

Thus,  by  amplifier  with  the  broad  dynamic  band  should  be 
understood  amplifiers  with  the  standardized/normalized  dynamic 
quality  of  more  than  one,  i.e.,  for  them  is  satisfied  the  condition 

a  >  i.  (i-5) 

In  the  determination  of  amplifier  accepted  with  ShDD  is  not 
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considered  the  form  of  amplitude  characteristic  (AKh),  since  the 
expansion  of  dynamic  range  on  the  input  effect  only  ensures  the 
amplification  of  all  possible  levels  of  effect  without  the  observance 
of  specific  ratios  between  the  output  effect  and  the  input  effect.  By 
form  of  AKh  with  this  input  dynamic  range  is  determined  dynamic  range 
on  the  output  effect,  which  depending  on  type  of  FAKh  can  be  less  or 
more  than  dynamic  range  on  the  input  effect. 

According  to  the  structure  multistage  FU  can  be  consecutive  or 
parallel  types.  Consecutive  type  functional  amplifiers  have  high 
dynamic  quality  and  therefore  more  greatly  they  are  spread. 

§2.  Classification  of  functional  amplifiers. 

The  functional  amplitude  characteristic  of  amplifier  in  general 
form  can  be  registered  as  certain  function  e-i(u)  output  effect  of  e 
from  the  input  effect  v. 

Page  11. 

On  the  base  of  the  achievements  of  contempory  radio  electronics  in 
the  amplifiers  it  is  possible  to  realize  the  broad  class  of 
functional  dependences.  From  a  mathematical  point  of  view  the 
functional  dependences,  which  can  be  realized  in  the  electronic 
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amplifiers,  are  divided  into  three  classes:  algebraic,  transcendental 
and  periodic. 

By  period  should  be  understood  the  cycle  of  a  change  in  the 
output  effect  «  with  a  change  (increase)  in  the  input  effect  v  in  the 
dynamic  range.  In  each  period  the  function  e=f(  v)  can  be  described 
by  algebraic  or  transcendental  function. 

Physical  essence  of  FU  is  most  fully  reflected  by  this  parameter 
as  slope/transconductance  FAKh,  or,  which  is  the  same,  by  the 
differential  transmission  factor  of  amplifier,  by  the  numerically 
equal  to  the  ratio  infinitesimal  increment  in  the  output  effect  of 
amplifier  to  infinitesimal  increment  in  the  input  effect: 

According  to  the  character  of  coefficient  b  it  is  possible  to 
judge  the  possible  methods  of  realization  of  FAKh.  Therefore  it  is 
expedient  to  additionally  class  FU  on  the  base  of  differential 
transmission  factor.  Outcome  from  this  principle,  entire  variety  of 
FU  can  be  divided  into  the  following  fundamental  types: 

1.  Amplifiers  with  the  constant  differential  transmission  factor 
over  the  dynamic  range 

6  m  const.  (l-8> 

2.  Amplifiers  with  variable/alternating/variable  and  reduced  b 

d-rsr(l).  (1-0) 
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over  dynamic  s-band  increase  in  input  effect  v 

3.  Amplifiers  with  variable/alternating/variable  and  increasing 

b  with  increase/growth  v 

b  —  vac(  f  ).  ~{i-10) 

Mathematically  differential  transmission  factor  of  FU  over  the 
dynamic  range  can  be  described  by  algebraic  or  transcendental 
function.  In  periodic  FAKh  one  of  conditions  (1-8),  (1-9)  or  (1-10) 
is  realized. 

The  first  type  of  FU  includes  the  amplifiers  with  the  linear 
amplitude  characteristic  (Lin  AKh) 

/(»)«£«,.  (1-11) 

Page  12. 

To  the  second  type  of  FU  can  be  attributed  the  following  special 
cases: 

a)  logarithmic  amplifiers  (LAKh) 

/(*)  —  aln-fv,  (1-12) 

b)  amplifiers  with  the  exponential  amplitude  characteristic 
(SAKh)  with  0<1  (SAKh) 


and  so  forth. 


f  (v)  -  «*» 


(1-13) 
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The  third  type  of  FU  includes: 

a)  amplifiers  with  the  exponential  (exponential)  amplitude 
characteristic  (PAKh,  EAKh) 

/(v)-  aAf*’  or  /(*)  -  (1-14) 

b)  amplifiers  with  the  exponential  amplitude  characteristic  with 
/3>1  (SAKH,)  and  so  forth. 

Any  real  FU  under  the  sufficiently  small  input  influence  works 
in  the  linear  conditions,  and  then  with  some  fully  specific  level  of 
input  effect  passes  into  the  nonlinear  operating  mode.  If  level 
*■  exceeds  the  level  of  its  own  input  noises,  then  FU  has 
1 inearly-functional  amplitude  characteristic. 

Some  special  cases  of  FAKh  of  real  amplifiers  are  shown  in  Fig. 
3a,  and  3b  a  change  in  the  differential  transmission  factors 
different  FU  with  a  change  in  the  input  effect  is  shown. 

Transition  from  the  linear  section  of  characteristic  to  the 
nonlinear  occurs,  monotonically  or  with  the  fracture  (at  angle) 
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depending  on  value  and  character  of  a  change  in  the  differential 
transmission  factor  with  the  work  of  FU  in  the  nonlinear 
mode/conditions.  The  most  pronounced  fractures  (angles)  must  have 
characteristics  of  the  amplifier-limiters  (Fig.  3a),  for  which  must 
be  implemented  equalities  const,  - 40PP -0  and  multilevel  (two-, 

three-  and  n-level)  amplifiers  with  linearly  stepped  characteristic 
(Fig.  4). 
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’w 


Fig .  3.  Characteristics  of  the  functional  ampl ifi-ers :  a)  amplitude; 
b)  differential. 


Key;  (1).  Lin.  (2).  Limit. 


Page  13. 


For  periodic  FAKh  mutual  conductance  periodically  is  changed  ( it 
grows  or  decreases)  according  to  the  specific  law  with  an  increase  in 
the  input  effect  v.  Transition  from  one  law  of  change  6  «■  var(  f )  to  the 
next  6<-Tar( | )  or  b*const  can  occur  smoothly  (case  of  monotone 
characteristics),  with  the  fracture  it  is  abrupt  (with  the  disruption 
in  the  characteristic).  In  practice  discontinuous  FAKh  more 
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frequently  are  applied,  when  coefficient  b,  being  changed  according 
to  the  specific  law  in  some  assigned  range  of  a  change  in  the  input 
effect  v,  after  achieving  determined  of  value  when  6 »  W( f )  or 
A^when  6— v»r(  j’)j,  abruptly  it  is  changed,  being  returned  to  its 
initial  value,  or  some  new  value  accepts,  it  is  more  or  less  than  the 
initial  (Fig.  5) . 

Let  us  agree  to  call  the  characteristics,  which  are  a  special 
case  of  a  broader  class  of  periodic  FAKh,  functional-discontinuous. 


Fig.  4.  Polygonal  characteristics:  a)  amplitude;  b)  differential;  1 
bi»bw  2  -  b^bj^b,;  3  -  b3<b!. 

Fig.  5.  Periodic  (discontinuous)  characteristics:  a)  amplitude;  b) 
differential;  1  -  exponential;  2  -  linear;  3  -  logarithmic. 


Page  14. 


If  coefficient  b  abruptly  is  changed  at  the  values  v=vlr  vlt 


»».  then  we  will  call  the  relations 


■■  di,  -*  ™  di»  . .  ♦  •  “  ■ 


(1-15) 


B  V* 

periods  or  dynamic  ranges  of  change  v,  which  fall  for  one  adjustment 


For  simplification  in  the  construction/design  of  FU  usually  they 


choose 
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If  the  depth  of  the  adjustment  of  coefficient  of  b 


Pi 


i 


or  Pi 


' 


(1-17) 


the  change  in  coefficient  of  b  for  the  amplifier  with  the  periodic 
(by  discontinuous  FAKh)  analytically_it  is  possible  to  write: 


with  6(»)  —  v«r(f) 

6.(t)-^;  (1-18) 

n* 

with  6(v)-v*r(|) 

M  *)-*<») JQP*  (M9) 

where  t  —  alg—  —  1,  2,  ....  m  -  whole  number;  a  -  coefficient  of 

v» 

standardization.  In  the  particular  case  with  d=10  the  coefficient 
a-l; 


with  b(v)=const  coefficient  b  can  be  changed  according  to  the 
law  (1-18)  or  (1-19),  i.e.,  abruptly  be  reduced  or  increase. 


If  the  coefficients  of  adjustment  are  equal  to  each  other. 

Pi  "  P»  ™  “  Pi  *■  P«  "  P» 
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then  expressions  (1-18)  and  (1-19)  take  the  form 


Mt) 
M  +  ) 


6W. 

P»  ' 
b  (*)  pl. 


Let  us  find  the  general/common/total  expression  for  FAKh  of  real 
amplifier  under  the  assigned  law  of  a  change  in  coefficient  of  b(  v) 
in  the  dynamic  range.  With  FU  works  in  the  linear  conditions 

with  the  initial  transmission  factor  Km.  In  this  case  6(v)  —  AT»  and 

amplitude  characteristic  is  described  by  the  expression 

/  (,)  «  »Km.  t1*20) 

■  0  <  »  <  v*. 

With  FU  passes  into  the  functional  operating  mode. 


Page  15. 

So  that  the  amplitude  characteristic  of  amplifier  would  have  the 
smooth  transition  (vithout  the  sharp  fractures),  at  any  transition 
point  of  it  of  two  adjacent  sections  must  be  implemented  the 
following  conditions: 


a)  the  equality  of  the  ordinates  of  the  adjacent  sections 
/(■♦  — +  Ai);  (1-211 

A*  0  A*  0 


b)  the  equality  of  first-order  der ivativest,  or  the  equality  of 


the  differential  transmission  factors  infinitesimal  adjacent  sections 

+  (l-22> 

c)  the  identical  signs  of  first-order  derivatives. 
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With  the  work  of  amplifier  in  the  functional  mode/conditions  of 

AKh  it  is  written/recorded  in  the  form 

/(*)-  J6(»)*+C -*<*)  + C.  (l-23> 

After  finding  constant  of  integration  C,  on  the  basis  of  initial 
conditions  (1-21)  and  (1-22)  when  v  — »■,  finally  we  obtain 

/W -/<*■>+ 4#  W.  (i*24> 

where 

4000  —  000  —  0O»«)*  000—  $  b(*)dv. 

Expression  (1-24)  is  general/common/total  and  it  is  useful  for 
finding  the  mathematical  expression  of  FAKh  of  real  amplifier 
according  to  the  assigned  function  of  a  change  in  the  differential 
transmission  factor  of  FU. 

Page  16. 

§3.  Qualitative  indices  of  functional  amplifiers. 

Fundamental  qualitative  indices  of  FU  are:  dynamic  range  of  FAKh 
on  the  input  effect 

d'-?.  (1-25) 

where  and  -  input  effects,  with  which  it  begins  and  is  finished 


by  FAKh  of  the  amplifier: 
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dynamic  range  of  FAKh  on  the  output  effect 

d  =  ^  =  L\  (1-28) 

where  « *  and  «K -  value  of  output  effect  respectively  at  the  values  of 
input  effect  v«  and 


contraction  coefficient  C  when  6-»v«r(|)  or  expansion  P  when 
b  =  var  ( t ) 


slope/transconductance  of  FAKh  or  differential  transmission 
factor  FU 


dt 


slope/transconductance  of  FAKh  in  the  converted  coordinates  1 

“-IS'  «-28> 

where  A  [e]  and  A  [v]  value  of  e  and  v  in  the  converted  coordinates. 


FOOTNOTE  l.  Let  us  agree  to  designate  the  dynamic  range  of  FAKh  of 
multistage  amplifier  through  D. 


*.  Examples  of  transformation  of  coordinates  will  be  given  in 
examination  of  concrete/specific/actual  types  FAKh.  ENDFOOTNOTE. 


In  practice  linear  coordinates  e  and  v  are  converted  in  such  a 
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way  that  the  condition  a=const  with  the  change  v  would  be  satisfied; 

the  accuracy  of  realization  of  FAKh: 

a)  in  the  absolute  divergence  of  objective  parameter  M»)  from 
precise 

^ *  —  A/(vJ  «  /T  (vj  —  /p  (v*);  (1-29) 

b)  according  to  the  relative  deflection 

VW-i-'.  C-29*> 

c)  according  to  the  absolute  divergence  of 
slope/transconductance  of  FAKh 

Ao  (vj  «  a,  (kJ  — .  <jp  (vt);  (i-296) 

d)  according  to  the  relative  deflection  of  the 
slope/ transconductance 

<»-»■> 

the  initial  transmission  factor  of  amplifier  with  the  work  in 
linear  conditions  K «, 

resonance  frequency  f,  and  the  passband  n  of  selective 
amplifiers,  upper  /mm  and  lower  /m  cut-off  frequencies  for  the 
aperiodic  amplifiers  in  linear  mode/conditions; 

dynamic  quality  factor  and  the  standardized/normalized  dynamic 
quality,  determined  respectively  by  expressions  ( 1— 3 ) — ( 1—5 ) ; 
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stability  and  the  recurrence  of  FAKh,  which  characterizes  the 
possibility  of  serial  production  of  FU  with  the  identical  parameters. 

Page  17 . 


After  using  formulas  ( 1-24 )-( 1-29 ) ,  let  us  find  expressions  and 
qualitative  indices  for  the  most  widely  used  types  of  FAKh.  For 
obtaining  the  generalized  results  let  us  introduce  the  standardized 
values  of  the  input  effect  x  and  the  output  effect  z: 

(1-30) 


Expressions  for  the  differential  transmission  factor  b(v),  the 
usual  and  standardized/normalized  amplitude  characteristics  A fa  given 
in  Table  1 . 

Linear  amplifier. 

For  the  linear  amplifier  is  implemented  the  equality 

-  D.  (1-32) 

The  lower  level  of  input  effect  in  the  linear  amplifier  is 
limited  to  internally-produced  noise.  Therefore  in  the  case  of  FU  of 
voltage/stress  for  minimum  input  effect  they  accept  the 
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voltage/stress  of  internally-produced  noise,  converted  to  the  input 
of  amplifier,  i.e. 

“  U»x.  ■  *  B» 

The  upper  level  of  input  effect  **  is  limited  to  the  linear 
section  of  the  passage  characteristic  of  amplifier  instrument. 

The  dynamic  range  of  linear  amplifier  can  be  widened  due  to  a 
decrease  of  initial  and  an  increase  in  final  of  input  effects 
with  a  simultaneous  increase  in  final  output  effect  •«»  since 
condition  (1-32)  is  satisfied. 


wrtfMjMpiiy  «  ■  |  |  „ 


l  ’■!>  ) 


*rn*\-r) i 


Key:  (1).  Parameter.  (2).  Amplitude  characteristic.  (3).  Differential 
transmission  factor.  (4).  Mathematical  recording  of  FAKh  of  real 
amplifier.  (5).  complete.  (6).  calibrated.  (7).  Inverse  dependence. 
(8).  Note.  (9).  Linear.  (10).  Logarithmic.  (11).  Exponential.  (12). 
Exponential.  (13).  Exponential.  (14.).  Amolif ier-limiter.  (15).  with. 
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(16).  linear-discontinuous.  (17).  logarithm-discontinuous. 

Page  20. 


Therefore  for  expanding  the  range  D  of  linear  amplifier  it  is 
necessary:  to  apply  the  low-noise  amplifier  instruments  (UP);  to 
apply  UP  with  the  large  linear  section  of  passage  characteristic;  to 
compensate  the  nonlinearity  of  passage  characteristic  of  UP;  to  apply 
the  negative  feedback,  which  linearizes  passage  characteristic  of  UP; 
to  repeatedly  use  a  linear  section  of  passage  characteristic  of  UP. 

The  logarithmic  amplifier 


During  the  logarithmic  operation  of  signal  with  the  Naperian 
base  e  the  differential  amplifier  gain  is  changed  according  to  the 


6‘ ~  ~  T  ~  T  t1'33) 

and  amplitude  characteristic  according  to  equation  (1«-19)  is 

described  by  the  expression 

/(,)-«-/  (*■)  +  Cufi  (*)  - 

mt  Ku't,  (lO  X  4*  1).  (1-34) 

In  this  case  the  standardized/normalized  characteristic 

(1-35) 

If  we  along  the  axis  of  abscissas  plot  values  v  (or  x)  on  the 
logarithmic  scale,  and  along  the  axis  of  ordinates  -  value  e  (or  z) 
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on  the  graphic  scale,  then  the  curves,  described  by  expressions 
(1-34)  and  (1-35),  will  be  depicted  in  the  form  of  straight  lines 
(segment  AB  in  Fig.  6).  Let  us  agree  to  call  this  converted  scale  1st 
type  semilogarithmic  scale.  Logarithmic  amplitude  characteristic  on 
the  semilogarithmic  scale  has  constant  slope/transconductance  a.  If 
we  straight/direct  AV  continue  to  the  side  of  smaller 
voltages/stresses,  then  it  will  intersect  the  axis  of  abscissas  at 
point  vt.  v„  physically  corresponds  to  the  input  effect,  under  which 
at  the  output  of  ideal  logarithmic  amplifier  output  effect  is  equal 
to  zero.  It  is  easy  to  find  value  va,  if  the  right  side  of  expression 
(1-34)  is  made  equal  to  zero: 
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Fig.  6.  The  logarithmic  characteristics  of  real  amplifier  on  1st  type 
semilogarithmic  scale:  1,  3,  5  -  precise;  2,  3,  4  -  real;  1  -  N<e 
(a>l);  3  -  N=*e  (a=l);  5  -  N>e  (a<l). 
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Slope/transconductance  a  of  the  logarithmic  characteristic, 
depicted  on  semilogarithmic  scale, 

AM  Ta*B  TTET  •  (1-37> 

In  the  case  of  FU  voltage  after  substitution 
*“  Ufu.*  «(hi  D  -+•  1) 


(1-38) 


K%>y:  v/Nepcr. 

A 

Slope/transconductance  a  can  be  calculated  also  in  volts  to  decibels 
[V/dB].  There  is  a  following  dependence  between  the  values  of 
slope/transconductance,  expressed  in  different  units, 
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Key:  (1).  [V/dB].  (2).  [V/neper]. 

The  logarithmic  amplitude  characteristic  of  amplifier  is  ideally 
precise,  if  in  entire  dynamic  range  D  condition  a=const  is  satisfied. 


From  the  given  analysis  it  is  evident  that  in  the  case  of 
logarithmic  operation  according  to  the  law  of  natural  logarithm  with 
foundation  N='e=*2.72  the  slope/transconductance  of  LAKh  on  the 
semilogarithmic  scale  is  numerically  equal  to  output  effect  •«,  with 
which  it  begins  with  LAKh.  Consequently,  changing  value  *«.  it  is 
possible  to  vary  slope/transconductance  of  LAKh.  Since  is  implemented 
the  equality 

<«  *  “  V 


then  at  given  values  «.  and  Kn  LAKh  of  amplifier  must  begin  at  the 


completely  specific  value  of  the  input  effect 


and  vice  versa,  at  given  values  V  and  the  amplifier  gain  with  the 


work  in  the  linear  conditions  must  be  the  completely  specific  value 


The  characteristics  of  logarithmic  amplifier  in  the 
.semilogarithmic  scale  for  three  values  of  slope/transconductance  a  at 
constant  value  and  the  different  values  of  factor  of  amplification 
K*  are  given  in  Fig.  7a;  at  the  constant  value  of  coefficient  Km  and 
different  values  -  in  Fig.  7b. 
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From  the  graphs  it  is  evident  that  in  all  cases  the  linear  section  of 
characteristic  smoothly  passes  into  the  logarithmic.  Dynamic  range  in 
the  output  effect 

D.  ^  -  In  D  +  1;  (1-40) 


contraction  coefficient  of  the  signal 

D  D 

c-  •  2T-, "  trzrrr  • 


having  taken  the 
(1-4D 


logarithm  of 


From  expressions  (1-40)  and  (1-41)  we  see  that  for  the  given 
value  of  dynamic  range  on  the  input  effect  D  values  Dtmtt  and  C,  for 
the  characteristics  with  the  different  value  of 

slope/transconductance  and  foundation  e  are  constant  values.  This  is 
a  deficiency/lack  in  the  characteristic,  since  in  many  instances  it 
is  necessary  at  the  given  value  of  D  to  have  different  values  Duux. 

The  characteristic,  with  which  input  signal  in  the  amplifier  takes 
the  logarithm  of  with  any  logarithm  to  the  base  N,  possesses  this 
property. 
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Fig.  7.  Logarithmic  characteristics  of  amplifier  at  the  different 
values  of  the  slope/transconductance:  a)  - «*.(;  k* - b ),*«- coo»t; • 

Page  23. 

Mathematically  this  characteristic  can  be  registered  as  follows: 

«  »  «■  +  aN  Id  f  -  c,  (a  In  *  -f-  1),  (1-42) 

'it 

where  aw«a<Ua  -  slope/transconductance  of  LAKh  with  any  foundation  N; 
a*l/ln  N  -  conversion  factor  from  foundation  e  of  natural  logarithm 
to  any  foundation. 

with  N=e  coefficient  a*l. 

Let  us  agree  this  characteristic  to  call,  the  generalized 
logarithmic  amplitude  characteristic,  also,  near  the  designations  of 
the  parameters  of  amplifier  to  place  index  N. 
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Standardized/normalized  generalized  LAKh 

*  —  a  In  x  +  1.  (1-43) 

Dynamic  range  in  output  effect  DNtmx  and  the  contraction 
coefficient  of  signal 

Dnmhx  —  a  In  D  +  1;  (1*44) 

Cm  -  noqn  *  (1^5) 

Thus,  changing  the  value  of  the  logarithm  to  the  base  N  of 
characteristic,  it  is  possible  to  change  value  of  D  and  C.  With 
increase  in  N  (decrease  a)  DN  is  reduced,  and  CN  increases.  This  is 
clearly  illustrated  by  Fig.  6,  on  which  are  depicted  three 
characteristics:  with  N<e  (1),  N=2  (2)  and  N>e  (3). 

It  is  necessary  to  note  that  with'.  N  +  e(a+  1)  the 

characteristic  has  a  fracture  at  the  point  of  the  joint  (Fig.  6, 
point  A)  of  linear  and  logarithmic  sections  (curves  1  and  5  in  Fig. 
6).  This  is  explained  by  the  fact  that  with  N*e  at  the  point  of  joint 
condition  (1-22)  is  not  satisfied.  Theoretically  this  characteristic 
can  be  constructed.  In  practice  characteristic  with  the  sharp 
fracture  in  the  real  amplifier  cannot  be  obtained,  since  the  real 
nonlinear  elements/cells  can  only  smoothly  change  amplification 
factor.  As  a  result  this  of  nonlinear  characteristic  originates  the 
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law,  different  from  the  logarithmic,  but  the  ensuring  smooth 
transition  from  the  linear  to  the  logarithmic  (transition  sections  AD 
on  curved  2  and  AC  in  curved  4,  Fig.  S). 

In  the  presence  of  transition  section  working  section  of  LAKh  is 
shortened  and  is  shifted/sheared  into  the  region  of  large  input 
effects.  The  extent  of  transition  section  can  be  different  and  is 
determined  by  the  properties  of  the  nonlinear  elements/cells,  used  in 
the  amplifier.  With  this  type  of  nonlinear  elements/cells  the  extent 
of  transition  section  is  more  at  the  larger  value  of  N. 

Page  24. 

This  must  be  had  in  mind  during  the  development  of  logarithmic 
amplifiers  and  applied  such  nonlinear  elements/cells,  with  which  it 
is  possible  to  obtain  the  smallest  transition  section  of 
characteristic.  It  is  obvious  that  the  sharpest  fracture  in  the 
amplitude  characteristic  can  be  obtained,  applying  nonlinear 
elements/cells  with  the  large  slope/transconductance  of  the  initial 
section  of  volt-ampere  characteristic  (with  small  voltages/stresses 
on  the  nonlinear  element/cell). 

If  at  the  disposal  of  designer  is  a  logarithmic  amplifier  with 
the  specific  parameters,  which  do  not  satisfy  technical 


I 
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specifications,  then  some  parameters  can  be  changed,  if  to 
include/connect  at  input  and  output  of  logarithmic  amplifier  linear 
devices/equipment  with  the  transmission  factor  of  more  than  one 
(amplifiers)  or  less  than  one  (attenuators).  Upon  the  start  of  linear 
device/equipment  at  the  output  of  logarithmic  device/equipment  with 
the  transmission  factor  K'0  the  slope/transconductance  of  LAKh  with 
the  retention/preservation/maintaining  of  dynamic  range  on  output 
effect  is  changed.  In  this  case  the  slope/transconductance  of 

LAKh  and  output  effects  »,  and  tK  of  total  amplifier  circuit  are 
equal  to 

a'  =■  °K‘t ;  _ 

Working  section  of  LAKh  it  is  possible  to  move  over  the  range  of 
input  effect  without  a  change  in  values  D,  and  a,  including 

before  the  logarithmic  amplifier  linear  device/equipment  with  the 
transmission  factor  K"  0.  In  this  case  the  changed  parameters  of  LAKh 
of  the  total  amplifier  circuit 


Amplifier  with  the  exponential  amplitude  characteristic  (PAKh  and 
EAKh )  . 

Expressions  for  the  exponential  amplitude  characteristic  and  its 
parameters  are  given  in  Tabl  e  1.  Let  us  consider  one  of  them: 
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+gnLB(M*<“-'-l)  . 


(1-48) 


If  we  on  the  axis  of  abscissas  plot  graphic  scale,  and  on  the 
axis  of  ordinates  -  logarithmic,  then  dependence  (1-46)  when  * > 
will  be  depicted  in  the  form  of  straight  line  (Fig.  8). 
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Let  us  agree  this  coordinate  system  to  call  2nd  type 
linear-logarithmic,  and  scale  by  2nd  type  linear-logarithmic,  or 
semilogarithmic  scale. 

Dependences  (1.46)  for  different  values  of  M  and  j3  are  given  in 
Fig.  8,  from  which  it  is  evident  that  with  M>e  (curve  2)  and  M<e 
(curve  4)  between  the  the  linear  OA  and  by  the  nonlinear  sections 
(CC'  and  DD')  are  transition  nonlinear  sections  AC  and  AD  with  the 
law,  different  from  the  exponential.  Nonlinear  sections  with  the 
linear  ones  are  smoothly  joined  by  these  sections.  The  same  is 
observed  with  M=e  and  J  — —  or  a<  — .  Transition  sections  shorten 
the  extent  of  the  working  section  of  exponential  characteristic. 

Of  this  deficiency/lack  is  deprived  exponential  dependence  with 

M«e  and  ?«■—  (curve  3  in  Fig.  8)  ** 

*■  _  2 _ _ 

•  -  Kmu  exp  1^-  +  1  j .  (1-47) 
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If  segment  AB  of  dependence  (1-47)  is  continued  into  the  region 
of  smaller  input  effects,  then  with  v=0  it  will  intersect  the  axis  of 
ordinates  at  point  .  Slope/transconductance  of  EAKh , 


depicted  in  the  converted  coordinates. 


Om 


with  u- U 


(1-48) 


Thus,  with  foundation  e  slope/transconductance  of  EAKh  can  be 
changed,  varying  the  value  of  input  effect  at  which  it  begins. 
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Fig.  8.  The  exponential  characteristics  of  real  amplifier  in  scale 
2nd  type  semilogarithmic:  1  -  M=e;  a>l;  2  -  M>e,  3  -  M=e, 

L,  a=l ;  4  -  M<e,  » *  5  -  M=e,  a<l. 

Page  26. 

Since  Km'm.  it  is  possible  to  consider  two  cases  a  change  in 

the  slope/transconductance  <7: 

eB  =  const.  For  increase  it  is  necessary  to  reduce  value  and 
to  simultaneously  increase  the  transmission  factor  of  amplifier  Km 
with  the  work  in  the  linear  conditions. 

£a=»const."  For  increase  a*  it  is  also  necessary  to  reduce  *«.  In 
* 

this  case  «B.  is  reduced 

This  deficiency/lack  does  not  have  EAKh  with  any  logarithm  to 
the  base  N,  described  by  the  following  expression: 
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(1  49) 

where 

a=n hr- 

In  this  case  slope/transconductance  EAKh 

I  la  N 

it 

When  » Um*..  ■  . 

In  N  f  h«»1 

;  f1*50) 

The  characteristics,  described  by  expression  (1-49),  with  N*e 
have  a  fracture  at  the  point  of  joint  A  of  linear  and  nonlinear 
sections  (curves  1  and  5  in  Fig.  8).  It  is  natural  that  real  EAKh 
wil]  have  certain  transition  section  and  differ  somewhat  from  the 
calculated  ones.  However,  selecting  the  appropriate  nonlinear 
elements/cells,  it  is  possible  to  considerably  shorten  transition 
section  and  objective  parameter  to  drive  on  sufficiently  closely  to 
calculated  EAKh. 

Amplifiers  with  EAKh,  described  by  expression  (1-49),  most 
extensively  are  used,  since  in  them  it  is  possible  to  obtain  the 
different  value  of  slope/transconductance  of  EAKh  at  given  values 
Km,  *n  and  D.  This  fact,  in  turn,  facilitates  in  practice  the 
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necessary  mating  of  amplifiers  with  LAKh  and  EAKh  for  obtaining  the 
required  parameters  of  electronic  device  as  a  whole  (receivers  RLS, 
which  orient  systems). 

Page  27. 

Amplifiers  with  the  exponential  amplitude  characteristic. 


Ideal  exponential  amplitude  characteristic  is  described  by  the 

expression  « 

*  *  /  (*)  -  m*  -  (1-51) 

i 

which  with  a-1 ,  p>.0  and  x>0  is  represented  as  the  graphs,  given  in 
Fig.  9a.  If  we  switch  over  to  logarithmic  coordinates  Tj  =  lg  z,  $  =  lg  x, 
we  will  obtain  the  dependence 

—  -  -  .  (l-52^_- 


To  the  basis  of  expression  (-1-52)  and  Fig.  9b  it  is  possible  to 


introduce  the  following  concept  of  the  slope/transconductance  of 
SAKh,  depicted  in  the  logarithmic  system  of  coordinates 

-  —  ~  ’ll  _  *?_**  “ '  1®  *■  _  **  a  .. 


a.  -  SLZdt  „  fl 

^  ir=n  ig*„— i**m  '  lg b  "  "* 


(1-53) 


Expressions  for  the  differential  coefficient  AKh  are  given  in 


Table  1. 
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With  (i<l  one  should  speak  about  the  contraction  coefficient  of 
the  reinforced  signal  C,  while  with  /3>  1  -  about  the  coefficient  of 
expansion  P. 

Amplif ier-limiter. 


The  amplitude  characteristic  of  ideal  amplifier-limiter  (UO) 
depicted  in  Fig.  1  and  it  is  mathematically  described  as  follows: 


(o 

Kmi  apmi  <  ««; 

(J7 

£av0  opu  y  >  y0. 


(i-54) 


is 


Key:  ( 1 ) .  with. 

where  y0  -  input  effect,  under  which  the  limitation  begins. 
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Fig.  9.  Power  characteristics  at  the  different  values  of  index  p:  a) 
graphic  scale;  b)  logarithmic  scale. 
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The  differential  transmission  factor  of  ideal  amplifier-limiter 
must  be  equal  to  amplification,  factor  with  the  work  of  amplifier  in 
the  mode/conditions  of  limitation,  i.e., 


fo 


VO 


Km  =»  const  npt  »  <  *0; 
0  a  const  op a  >  >  ^ 


(1-55) 


Key:  (1).  with. 


In  real  UO  differential  transmission  factor  b„  with  the  work  of 
UO  in  the  mode/conditions  of  limitation  differs  from  zero  and  can  be 
the  value  of  positive  and  negative. 


In  this  case  amplitude  characteristic  of  UO  takes  the  form, 
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shown  by  prime  in  Fig.  1,  and  is  described  by  the  expression 

(  If 

t  .  “P  V  < 

\  Ai'o  +  *o  (*  —  v0)  np ri  •»„.  (l-5o) 

Key:  (1).  with. 

Expressions  for  the  standardized/normalized  amplitude 
characteristic  of  real  UO  are  given  in  Table  1. 


Dynamic  range  of  UO  on  the  output  effect 

Q  a,  V  a  —  «B.  o  M-Po  — 1) 


(1-57) 


where  -  dynamic  range  of  limitation  on  the  input  effect. 


If  according  to  the  technical  specifications  are  assigned 
Da,  and  Dom mt,  then  differential  coefficient  with  the  work  of  UO 
in  the  mode/conditions  of  limitation  must  not  exceed  the  value 

*0  <  *0.  '  (1-58) 

In  the  real  amplitude  characteristic  of  UO  between  the  linear 
section  and  the  section  of  limitation  is  a  nonlinear  section  of  the 
smooth  transition  "(section  AB  in  Fig.  1),  which  moves  aside  the 
threshold  of  limitation  to  the  side  of  large  input  effects 
reduces  the  dynamic  range  of  limitation  on  input  effect  £>„. 


and 
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During  the  development  of  UO  it  is  necessary  to  attempt  to 
decrease  the  extent  of  transient  section  and  to  satisfy  the  condition 

60  -*0. 
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Amplifiers  with  periodic  (discontinuous)  FAKh. 

On  the  basis  of  expressions  (1-16)  and  (1-17)  it  is  possible  to 
do  the  conclusion  that  for  obtaining  the  analytical  expression  for 
any  discontinuous  FAKh  and  its  parameters  it  is  necessary  in  the 
expressions,  which  describe  FAKh  and  their  parameters,  value  v  and  x 

m 

to  divide  into  product  R*’  where  i=»o  lg  x*l,  2,  .  . . ,  m. 

With  the  gap  count  FU  (adjustments  of  amplifier)  m  working 
section  of  FU  is  used  m+1  times  (Fig.  5).  In  this  case  the  dynamic 
ranges  Pr  FAKh  on  the  input  effect  and  the  output  effect  are 
respectively  equal  to 

D  -  -  <P, 

or 

Dm  —  (m+ :  1)20 1$  d; 

Dm*  (1-80) 

where  d  and  -  dynamic  ranges  on  input  effect  and  output  effect, 

that  fall  for  one  adjustment  of  amplifier  (between  two  disruptions  of 
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characteristic) . 


Contraction  coefficient  of  the  reinforced  signal 


For  linear-discontinuous  characteristic  d^^d.  Then 

“  (1-62) 

Expressions  for  the  linear  and  logarithm-discontinuous 
characteristics  are  given  in”fable  1.  Expressions  for  the  remaining 
characteristics- can  be  obtained  by  method  indicated  above. 

To  realize  FAKh  in  the  broad  dynamic  band  of  a  change  of  the 
input  effect  is  possible  only  in  the  case  of  multistage  amplifiers. 
There  is  a  large  number  of  circuit  solutions  of  the  realization  of 
FAKh,  which  can  be  joined  into  the  following  three  methods  ("fable  2): 
a  change  of  the  transmission  factor;  the  addition  of  output  effects; 
the  repeated  use  of  a  functional  unit  (element/cell). 

Latter/last  method  also  can  be  realized  on  the  base  of  the  first 


two  methods. 
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Within  the  framework,  encircled  by  solid  line,  the  solutions  fo 
the  aperiodic  and  selective  pulse  amplifiers  are  shown. 


The  solutions,  suitable  only  for  the  selective  amplifiers,  they 


are  shown  within  the  dash  framework. 


Key:  (1).  Methods  of  obtaining  FAKh  of  electronic  amplifiers  in  the 
broad  dynamic  band.  (2).  Method  of  changing  transmission  factor.  (3) 
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Method  of  repeated  use  of  functional  unit.  (4).  Method  of  adding 
output  effects.  (5).  Change  in  mode/conditions  of  work  of  amplifier 
instrument.  (6).  Change  in  equivalent  load.  (7).  Change  in 
transmission  factor  in  input  and  output  circuits.  (8).  Series 
connection  of  amplifier  stages.  (9).  Parallel  connection  of  amplifier 
stages.  (10).  on  direct  current.  (11).  on  alternating  current.  (12). 
Use  by  nonlinear  of  elements/cells.  (13).  Diagrams  with  detection. 
(14).  Diagrams  without  detection.  (15).  Change  in  current  of  emitter, 
collector/receptacle,  base.  (16).  Change  in  voltage/stress  of  grid 
(cont.  screen  pentode),  collector/receptacle,  emitter-base.  (17). 
active.  (18).  react ive/ jet .  (19).  with  separate  detectors.  (20). 
cathode,  anodic,  emitter,  collector.  (21).. grid,  base.  (22).  under 
effect  of  voltage  of  signal.  (23).  under  effect  of  controlling 
voltage/stress.  (24).  in  circuit  OSS.  (25).  in  load  circuit.  (26).  in 
input  circuit.  (27).  without  untying  cascades/stages.  (28).  with 
untying  cascades/stages.  (29).  Use  of  nonlinearity  of  characterist ics 
of  amplifier  instrument.  (30).  Change  in  negative  feedback  (OOS) . 
(31).  Controlled  and  unguided  attenuators.  (32).  with  delay  line. 
(33).  without  delay  line.  (34).  by  grid  base.  (35).  by  anodic 
collector.  (36).  on  voltage/stress.  (37).  on  current.  (38).  Change  in 
positive  feedback.  (39).  stepped.  (40).  with  attenuator.  (41). 
smooth.  (42).  by  cathode  emitter.  (43).  diode  (TD  varicap).  (44). 
combined.  (45).  parallel.  (46).  consecutive.  (47).  with  repeaters. 
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S4.  Method  of  changing  the  transmission  factor. 

Functional  amplifier  in  the  general  case  is  nonlinear  amplifier 
with  the  variable  amplification  factor.  Therefore  FAKh  in  the 
electronic  amplifier  it  is  possible  to  obtain  by  an  automatic  change 
of  its  amplification  factor  with  the  increase  of  input  effect.  The 
possible  circuit  solutions  of  the  automatic  gain  control  (ARU)  are 
enumerated  in ‘jfable  2. 

It  is  necessary  to  note  that  FAKh  in  the  broad  dynamic  band 
80-100  dB  in  one  nonlinear  cascade/stage  in  practice  is  impossible  to 
obtain.  However,  it  is  possible  to  obtain  it  in  the  amplifier,  which 
consists  of  n  nonlinear  cascades/stages  (Fig.  10).  In  this  case  the 
transmission  factors  in  the  nonlinear  cascades/stages  must  be  changed 
according  to  the  completely  specific  laws. 

Work  [104]  examines  a  special  case  of  obtaining  FAKh  and  it  is 
shown  that  it  is  possible  to  obtain  approximately/exemplar ily  LAKh  of 
n-  cascade  amplifier  in  ShDD,  if  each  of  the  cascades/stages  has  the 
amplitude  characteristic,  which  consists  of  two  linear  sections, 
described  by  equations  (1-56),  in  which  coefficient  60— 1. 
General/common/total  AKh  of  amplifier  consists  of  the  individual 
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sections,  whose  ends/leads  lie/rest  on  the  logarithmic  curve. 
However,  the  isolated  points  of  objective  parameter  considerably 
differ  from  logarithmic  curve.  For  an  increase  in  the  accuracy  of 
LAKh  it  is  necessary  to  reduce  the  factors  of  amplification  of 
cascades/stages  and  to  increase  a  number  of  cascades/stages,  which 
economically  and  is  structurally/constructurally  disadvantageous. 

Consequently,  for  obtaining  precise  FAKh  amplifier  stages  of 
multistage  FU  must  be  nonlinear  with  the  completely  specific 
amplitude  characteristics,  whose  character  is  determined  by  the  mode 
of  operation  of— cascades/stages .  Are  possible  the  following  modes  of 
operation  of  the  nonlinear  cascades/stages:  the  strictly  successive 
work  of  nonlinear  cascades/stages  in  the  functional  modes/conditions 
the  simultaneous  work  of  two  or  several  cascades/stages  (pairs,  sets 
of  three,  etc.)  in  nonlinear,  but  nonfunctional  modes/conditions 
(combined  method  of  obtaining  FAKh). 

The  mode  of  operation  of  cascades/stages  is  determined  by 
character  of  FAKh  and  diagram  of  gain  control. 
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£-g3-&-g}-g¥ 

Fig.  10.  Block  diagram  of  n-cascade  FU  with  the  nonlinear 
cascades/stages . 

Page  33. 

Analysis  of  the  successive  work  of  nonlinear  cascades/stages. 

Let  us  consider  the  work  of  nonlinear  cascades/stages  on  the 
block  diagram  ot  n-cascade  amplifier  (Fig.  10)  and  let  us  determine 
the  requirements,  by  which  we  must  satisfy  nonlinear  cascades/stages 
for  obtaining  precise  FAKh  in  ShDD.  Since  these  requirements  do  not 
depend  on  the  method  of  adjustment  and  form  of  the  load  of 
cascade/stage  (aperiodic  or  selective  load),  analysis  can  be  carried 
out,  not  taking  into  account  the  concrete/specific/actual  circuit 
solution. 

We  accept  the  following  designations: 

F(E)  -  FAKh  of  n-cascade  amplifier,  which  must  be  realized; 

/,(»,)  -  amplitude  '■haracteristic  of  the  i  nonlinear  cascade/stage; 
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E  and  »t—  effect  respectively  at  the  input  of  amplifier  and  i 
nonlinear  cascade/stage; 

E,  «i  -  output  effects  of  amplifier  and  i  cascade/stage. 

The  amplitude  characteristic  of  amplifier,  on  one  hand, 

according  to  expression  (1-24),  can  be  registered  so: 

3-F(£)-/(£,)  +  A<P(E);  (1-63) 

on  the  other  hand  as  the  characteristic,  formed/shaped  with  n  by  the 
series-connected  nonlinear  cascades/stages, 

where 


*»  *  /n — 1  (v»— i)* 
*n—|  =  /  n — 1  (*n— *)  > 

v3  -  U  (vj); 

* i  —  E, 


or  in  the  convoluted  form 


(1-65) 


(1-86) 


Amplitude  characteristic  of  each  cascade/stage  according  to 
expression  (1-19) 

/»(».)- A  Ki)  +  A*K).  (1-67) 


H 
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Nonlinear  cascades/stages  can  be  identical  and  different, 
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Successive  operation  of  identical  nonlinear  cascodes.  In  this 
case  the  equalities 


Kmi  =*  £««  -  •  •  •  *=»  Ka  (t_,  —  KHn  tm  Ku\  (1-08) 

v»‘  =■  »■*  —  •  ■  ■  “  —  vMn  —  (1-UU) 

—  dt  m.  ...  —  *»  d„  «  d\  (1-70) 

Wi  N)  -  htf,  (*,)  -  ...  -40n(,j.  A0(£),  (1.71) 


are  implemented  where  dt  =»  — -  dynamic  range  of  the  functional 

- VHi 

section  of  the  i  cascade/stage. 


Under  some  input  inf luence ;  E  <  EH  all  cascades/stages  work  in 
the  linear  conditions  and  effect  at  the  output  of  the  amplifier 

j  F(E)  -/«<%)-  tfX  -  K*E,  (1-72) 

where  Ka  =>  k  "  -  transmission  factor  of  n-cascade  amplifier  with  the 
work  in  the  linear  conditions. 


fc- 


I- 


Let  us  assume  that  when  Ex  —  En  the  effect  at  the  input  of  the  n 
cascade/stage  is  equal  to  %  “  and  latter/last  n  cascade/stage 
entered  the  functional  mode/conditions.  Since  all  previous 
cascades/stages  work  in  the  linear  conditions, 
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and 


vwi  *  l£u 


(1-73) 

(1-74) 


With  change  vB  from  to  vH  =.  which  corresponds  to  change  E 

from  =»  to  Ej^E^,  lattar/last  cascade/stage  works  in  the 

functional  mode/conditions  in  the  amplitude  characteristic  of 

amplifier  it  is  formed/shaped  with  this  cascade/stage,  i.e., 

F  (^  *  fn  (v»)  *  tn  (■*■)  +  (vj  -  P(En)  -(-  A®  ( E }.  (1-75) 

Et  <£<£,  v,  <  <  v„  »»<**<*„  Ex  <  £  < 

since  they  are  implemented  equality  (1-71)  and  (1-74). 

* 

Thus,  at  the  output  of  amplifier  is  reproduced  the  assigned 
functional  dependence.  Since  all  previous  cascades/stages  work  in  the 
linear  conditions,  they  introduce  no  distortions  into  F(E) . 

Page  35. 

When  — »«.  which  corresponds  E,,  latter/last  cascade/stage 
leaves  from  the  functional  mode/conditions.  So  that  the 
general/commpn/total  characteristic  F(E)  would  not  be  distorted, 
next-to-last  (n-1)  stage  at  this  moment  must  enter  the  functional 
mode/conditions,  whose  input  effect 
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must  be  equally  to  This  is  implemented  under  the  condition 

•  d'  /1-7B> 

In  this  case 

F  (£*)  -  /» (v„)  -  /.  (»„)  +  (t.)  -  F  (£,)  +  A*  (£,). 

With  change  >„_»  from  v„  to  »i«.  which  corresponds  to  change  E  from 
E,  to  next-to-last  cascade/stage  works  in  the  functional 

mode/conditions  and 

F  (£)  =»  /„  (''n)  “  U  l/»-i  “  /« l/»-i  (*■>  +  “ 

—  fn  (**)  +  bn  (*»  —  "*)  "  /«  <*h)  +  (*n-l)»  (l*77) 

where  &*  —  differential  transmission  factor  of  latter/last 
cascade/stage  after  its  output  from  the  functional  operating  mode. 

Precise  FAKh  when  £,<£<£,  is  described  by  the  expression 

F(£)-/b(^)  +  A<P(£).  (1-78) 

E%  <  E  <  £|  E%  ^  ^  £( 


Equating  expressions  (1-77)  and  (1-78),  we  obtain  the  following 
condition  of  the  realization  of  precise  FAKh  with  the  work  in 
functional  mode/conditions  of  (n-1)  cascade/stage: 


A0(£)  -  6nA^n_J  (%_,). 

£«<£<£»  '•i  ^  i  ^ 
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Whence 


L  _  A<p  (B) 


(1-79) 


Since,  according  to  expression  ( 1-71 )  —  A<P(£), 

(1-80) 

»  >  ''H. 

i.e.  the  differential  transmission  factor  of  latter/last 
cascade/stage  after  output  from  the  functional  operating  mode  must  be 
equal  to  one. 


Page  36. 

Let  us  agree  to  call  this  mode  of  operation  of  cascade/stage 
quasi-linear ,  since  the  running  transmission  factor  K in  the 
implementation  of  many  types  of  FAKh  is  changed  and  approaches  one 
when  *  > 

Amplitude  characteristic  of  cascade/stage  with  the  work  in  the 
quasi-linear  mode/conditions  can  be  written  thus: 

/  (v)  -  /  (V.)  +  K)  +  b  (y  -  *,)  -  /  K)  +  W  K)  +  v" 

Thus,  the  amplitude  characteristic  of  nonlinear  cascade/stage 
with  the  successive  work  must  consist  of  three  sections:  linear, 
functional  and  quasi-linear  (Fig.  11). 
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When  Et  =  E*d* 

F  (£J  -  /,  ('*)  +  2Atf  <»„)  -  F  (£«)  +  2A0  (v„), 
since  are  implemented  equalities  (1-71)  and  (1-74). 

Analogously  it  is  possible  to  show  that  in  the  case  of  identical 
nonlinear  cascades/stages  the  effect  at  the  output  of  amplifier  is 
equal  to; 

when  e4  —  £,d* 

F  (£*)  =»  f  ( E h)  4*  3 A#  (*K); 


when  £»  »  EHdn"~l 

F(En)-P  (£„)  +  (n  -  1)  A*  (>>); 

when  £n+l  =a  Emdn,  when  the  first  cascade/stage  leaves  from  the 
functional  mode/conditions, 

F  (£n+i)  -  F  (£„)  +  /|A0  (Vj  -  £  (£.)  +  A<2>  (£w+l),  (1-82) 

i.e.  at  the  output  of  amplifier  always  is  reproduced  the  assigned 
functional  dependence  (Fig.  12). 

Thus,  for  obtaining  precise  FAKh  of  n-cascade  amplifier  with  the 
strictly  next  work  of  identical  cascades/stages  each  of  the 
cascades/stages  must  satisfy  the  following  requirements: 
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a)  the  amplitude  characteristic  of  cascade/stage  must  consist  of 
three  sections:  linear,  functional  and  quasi-linear; 

b)  the  dynamic  range  of  FAKh  of  cascade/stage  in  the  input 
effect  must  be  equal  to  the  initial  transmission  factor  of 
cascade/stage  (condition  1-76); 

c)  the  differential  transmission  factor  of  nonlinear 
cascade/stage  with  the  work  in  the  quasi-linear  mode/conditions  must 
be  equal  to  one. 

Page  37. 

Greatest  extent  of  the  quasi-linear  section  of  characteristic  in 
latter/last  cascade/stage.  In  the  case  of  n  of  cascades/stages 
maximum  effect  at  the  output  of  latter/last  cascade/stage  toward  the 
end  of  FAKh  is  determined  by  expression  (1-82).  In  this  case  the 
maximum  input  effect,  which  still  must  be  transmitted  to  the  output 
with  the  differential  coefficient  of  b*l, 

“  /n— 1  (*»—  In)  ™  /»_ i  (»«)  +  (rt  —  1)  (*«)•  (1*83) 

Dynamic  range  of  FAKh  of  n-cascade  amplifier  in  the  case  of  the 
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identical  cascades/stages 

D  .  -  d"  -  K:  -  K:  (1-84) 

®l 

Analyzing  expressions  for  the  differential  transmission  factor 
biv) ,  given  in  Table  1,  it  is  possible  to  do  the  following 
conclusions: 

1)  with  the  successive  work  of  the  series-connected  nonlinear 
cascades/stages  it  is  possible  to  realize  only  FAKh  with  6«*v«r(j); 

2)  with  the  successive  work  of  identical  nonlinear 
cascades/stages  it  is  possible  to  realize  in  the  multistage  amplifier 
only  of  LAKh  with  the  foundation  of  logarithmic  operation  N=e(a*l). 
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Fig.  11.  Fig.  12. 

Fig.  11.  Characteristics  of  nonlinear  cascade/stage:  1  -  e=f{v), 
z-f(x) ;  2  -  K «*U);  3  -  b-0(v). 

Fig.  12.  Functional  amplitude  characteristic  (LAKh)  of  multistage 
amplifier  on  semiiogarithmic  scale. 

Page  38. 

If  signal  takes  the  logarithm  of  with  the  logarithm  to  the  base 
N,  different  from  e,  then  the  differential  transmission  factor  of 
cascade/stage  at  the  end  of  the  range  of  LAKh  when  *=»>■=*»■»»  Ku,  as 
can  be  seen  from  Table  1,  is  equal  to  coefficient  an<^ 

condition  (1-80)  virtually  cannot  be  satisfied  with  the  high 
accuracy,  as  a  result  of  which  general/common/total  LAKh  of  n-cascade 
amplifier  is  distorted.  For  satisfaction  of  condition  (1-80)  it  is 
necessary  that  the  characteristic  of  cascade/stage  at  the  point  of 
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transition  from  the  logarithmic  section  to  the  quasi-linear  would 
have  sharp  fracture,  what  in  practice  cannot  be  carried  out.  In  the 
objective  parameter  there  will  always  be  the  smooth  transition 
section,  whose  extent  is  greater,  the  more  the  foundation  N  differs 
from  foundation  e.  But  any  divergence  of  the  real  amplitude 
characteristic  of  nonlinear  cascade/stage  distorts  LAKh  of  amplifier. 


With  a*l  according  to  (1-24)  we  have 

F(E)  =  F(EJ  +  aM.(E)  =  F  (£„)  +  M>s(E).  (1-85) 


If  latter/last  cascade/stage  is  supplied  in  the  mode/conditions 
of  logarithmic  operation  with  foundation  N(a*l),  and  all  previous 
cascades/stages  -  into  the  mode/conditions  of  logarithmic  operation 
with  the  Naperian  base  e,  we  will  have: 

/*  O'  J  -  /  (*■)  +  aA0n, ,  (vB); 

/tW  =  /K)  +  ^.,,W.  fl-86) 


For  the  realization  of  dependence  (1-85)  according  to  expression 
(1-79)  the  differential  coefficient  of  the  transmission  of 
latter/last  cascade/stage  with  the  work  in  the  quasi-linear 
mode/conditions  it  must  be  equal  to 


since 


n-t  ('»*_() 


a, 


A0n-t.  •  O')  ™  (E). 


(1-»7) 


J 


I 
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Then  function  F(£\)  when  EK 

F(Ei)  =  /„  (*»)  +  (i  —  =  F(Em)  +  (i  —  1)  (»*)•  (1-88) 

E{  - 

i.e.,  at  the  output  of  amplifier  is  reproduced  the  assigned 
dependence . 

The 'standardized/normal ized  characteristics  of  nonlinear 
cascade/stage  at  the  different  values  of  coefficient  of  a  (unbroken 
curves)  are  shown  in  Fig.  13. 

Page  39. 

Thus,  for  obtaining  precise  LARh  of  n-cascade  amplifier  with  any 
foundation  of  logarithmic  operation  N  it  is  necessary  latter/last 
nonlinear  cascade/stage  to  supply  in  the  mode/conditions  of 
logarithmic  operation  with  the  logarithm  to  the  base  N,  and  all 
remaining  cascades/stages  -  into  the  mode/conditions  of  logarithmic 
operation  with  the  Naperian  base  e. 

Expressions  for  the  amplitude  characteristics  and  increment 
A{£  (E«)  in  the  nonlinear  cascade/stage  with  the  work  in  the 
quasi-linear  mode/conditions  are  given  in  Table  3.  Using  these 
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expressions,  and  also  formula  (1-25),  (1-27)  and  (1-85),  we  find  the 
values  of  the  dynamic  range  of  n-cas.'ade  amplifier  through  the  input 
effect  and  the  contraction  coefficient 


Oui  - 


a  In  d"  1 


-  na  In  d  +  1;  (1-39) 

C-OT+T'  ('-90) 


The  successive  work  of  nonidentical  nonlinear  stages  is  caused 
by  the  fact  that  for  some  types  of  FU  two  conditions  6 (>K)  =—  1  and 
Km~<i.  are  not  satisfied  simultaneously.  Thus,  for  instance,  for  the 
amplifiers  with  power  characteristic  *  — condition  b(p)=l  is 
satisfied  when  d>Kn. 


For  fulfilling  the  successive  work  of  different  nonlinear 
cascades/stages  with  different  values  /fBt  or  but  identical 
functional  dependence  Atf('H)  it  is  necessary  that  are  fulfilled 

(1-91) 


condition  (1-80)  and  equality 

/t_i  (**«— »)  “  *«*» 

v«i— i£i4—  I  * 


(l-91a) 
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Fig.  13.  Standardized/normalized  amplitude  characteristics  of 
nonlinear  cascade/stage  on  the  semilogarithmic  scale. 


Page  40. 


On  the  basis  of  these  conditions  and  with  the  fulfillment  of 
equality  (1-71),  it  is  possible  to  carry  out  a  successive  work  of  two 
types  of  the  different  cascades/stages: 


1.  All  nonlinear  cascades/stages  have  identical  initial 
transmission  factor  with  the  work  in  the  linear  conditions  and 
different  dynamic  ranges  of  the  functional  section  of  the 
characteristic 

Km  i  *  Kmz  *  •••  •  Ku  i  ™  ™  Kmn  “  Kh.  (1*92) 


Then 


*■4—1 
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i.e.  nonlinear  cascades/stages  must  be  distinguished  by  the  level  of 
initial  input  effect  *»♦,  on  which  it  begins  with  FAKh  of 
cascade/stage. 


2.  Nonlinear  cascades/stages  have  identical 
different  values  d, 

Ygj  sa  »  ••  •  *■  VBi  y«n  “ 


Then 


K^i 


/t— i  Nb)  —  Vi 


di. 


values  and 
(1-03) 

(1-94) 


i.e.  the  initial  transmission  factor  of  the  previous  cascade/stage 
with  the  work  in  the  linear  conditions  must  be  equal  to  the  dynamic 
range  of  FAKh  of  the  subsequent  cascade/stage. 
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Table  3. 


Key:  (1).  Characteristic.  (2).  Complete  recording.  (3). 
Standardized/normalized  characteristic. 


Page  41. 

For  n-cascade  amplifier  initial  transmission  factor  and  dynamic 
range  is  respectively  equal  to 

*•-  [][*««;  (1-95) 

D  -  d«.  (l-96> 

The  particular  example  to  the  realization  of  precise  FAKh  with 
the  successive  work  of  nonlinear  cascades/stages  can  be  realization 
of  SAKh  with  /3<1 .  As  can  be  seen  from  fable  1,  equality  b(i-)=l  is 
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implemented  under  standardized/normalized  input  influence  *«.  equal  to 
dynamic  range  of  SAKh  of  cascade/stage,  i.e. 

,,-d-jrfr.  (W 

On  the  basis  of  expressions  (1-19),  (1-31),  (1-81)  and  (1-97)  it 
is  easy  to  obtain  expression  for  the  quasi-linear  section  of  the 
characteristic  of  nonlinear  cascade/stage  and  increment  b#  (£«).  which 
are  given  in  Table  3. 

Let  us  determine  the  parameters  of  n-cascade  FU  with  the  power 
characteristic  at  satisfaction  of  conditions  (1-92)  and  (1-93). 

Condition  (1-92)  is  satisfied.  If  the  initial  transmission 
factor  of  latter/last  i  cascade/stage  and  the  input  effect,  under 
which  it  begins  with  its  FAKh,  is  respectively  equal  to  K «  and  '»«*• 
then  input  effect  *•*-»  (i-1)  cascade/stage,  with  which  it  begins 
with  its  FAKh,  according  to  (1-93)  and  (1-97), 

(*-98> 

For  ( i-m)  cascade/stage 

.  («-») 

The  dynamic  range  of  FAKh  of  cascade/stage  on  input  effect  is 


determined  by  expression  (1-97),  and  on  the  output  effect 
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d.„.  —  in  —  a£J“1  —  n-j-  1. 


(1-100) 
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Initial  transmission  factor  and  the  dynamic  range  of  FAX  of 
i -cascade  amplifier 


Ka  =r  iST* ; 


D  -  d4  =  A"-1 ; 


—  n  1. 


(1-101) 

(1-102) 

(1-103) 


Condition  (1-93)  is  satisfied.  In  this  case  the  initial 
transmission  factor  of  the  i  cascade/stage  is  equal  to  #■«. 


Then  according  to  expressions  (1-94),  (1-97,  (1-100)  for  the  i 
cascade/stage  we  have 


ds  -  Kir  -,  t 

dutsi  *■  —  a  +  1; 


(1-104) 


for  (i-1)  cascade/stage 


l»  "  (  n  )* 

Ku\—\  ==  di  *»  /CUT1  ’•  dwt  =  XjiJi  =  K*i  *  ; 

dm n»  i— i  “  —  a  1; 


(1-105) 


for  ( i-m)  .cascade/stage 
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K*i — m  : 


w'n- \> 

A  Hi  i 


1_m  =  ^Ht-m-a+l;  (1-106) 


for  the  1st  cascade/stage 


d , 


«-l 


dx 


!  ^ius. 


/iAh,—  n  +  1.  (1-107) 


Qualitative  indices  of  i-cascade  amplifier 


where 


(1*108) 

(MOQ) 

(1-110) 
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Successive  work  of  pairs,  sets  of  three  and  so  forth  of  nonlinear 
cascades/stages . 

with  the  successive  work  of  pairs  or  sets  of  three  of 
cascades/stages  each  pair  (sets  of  three)  must  have  the  amplitude 
characteristic,  which  satisfies  the  requirements  of  successive  work 
in  the  functional  mode/conditions.  Consequently,  AKh  of  pair  (set  of 
three)  must  also  consist  of  three  sections:  linear,  functional  and 
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quasi-linear . 

Let  us  agree  on  subsequently  two  (three)  nonlinear  of 
cascade/stage,  which  are  component  element  FU,  to  in  abbreviated  form 
call  pair  (set  of  three),  and  all  values,  which  relate  to  them,  to 
accompany  by  indices  "p”  or  "t”. 

With  the  work  of  pair  (set  of  three)  in  the  functional 
mode/conditions  the  cascades/stages  of  pair  work  in  the  nonlinear, 
but  not  functional  mode/conditions. 

It  is  analogous,  as  with  the  successive  work  of  cascades/stages, 
pairs  (set  of  three)  can  be  identical  and  different.  On  the  identical 
pairs  (sets  of  three)  can  be  carried  out  only  the  amplifier  with  LAKh 
with  the  foundation  of  logarithmic  operation  e,  while  on  the 
different  ones  -  any  FU  with  v«r(|). 

Amplifier  stages  in  the  pairs  (sets  of  three)  can  be  connected 
in  series  (Fig.  14a,  b)  or  in  parallel  (Fig.  14c,  d) . 

Upon  the  parallel  connection  of  cascades/stages  in  the  pair  it 
is  possible  to  realize  the  quasi-linear  section  of  the  amplitude 
characteristic  of  the  pair  of  considerable  range,  and  consequently, 
to  realize  precise  FAKh  in  the  broad  dynamic  band. 
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The  amplitude  characteristic  of  consecutive  pair  can  be 
registered 

/u  -  (v„)  -  ft  I/x  N)1  -  /,  I/x  (*>«)).  (Mil) 

where  f,(p,)  and  /iCo)  —  amplitude  characteristics  of  the  second 
and  first  cascades/stages. 

Changing  to  the  standardized  values,  can  be  registered 

*n  *■  /(^n)  *  Km.  nv*.  (1*1 12) 


Fig.  14.  Block  diagrams  of  pairs  and  sets  of  three  with  the 
connection  of  the  cascades/stages:  a),  b)  -  consecutive;  c),  d) 
parallel . 
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Running  transmission  factor  of  the  pair 


v  *n  y  *n 

An  =*  —  =*  A  a.  n  —  ( 


(1-113) 


where  20  —  r-2-  and  x„  »  — , 

H  n  V  „ 


Let  us  consider  consecutive  and  parallel  pair  briefly. 


Consecutive  pair  can  consist: 


1)  of  two  nonlinear  amplifier  stages  with  the  identical  initial 


transmission  factors 


K%\  “  K*2  •»  V  fan.  o» 


(1-114) 


Then 


*«i  *  V  ai  v«a  ®*  “  **.  n  V  o*  (1-115) 


Running  transmission  factor  of  each  cascade/stage  of  the  pair 


vx  -  Y  Km-  °  ; 


(1-118) 


2)  from  the  nonlinear  attenuator  from  ku  —  1  and  nonlinear 


amplifier  stage. 
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Upon  the  inclusion/connection  of  the  attenuator  before  amplifier 
stage  the  latter  works  in  the  lightened  mode/conditions  over  the 
dynamic  range  of  input  signal. 

In  this  case: 

''■I  “  'ni  *  *■.  n.  (1-118) 

Running  transmission  factors  of  the  cascades/stages 

j/i;  Kt-K'.a  (1-119) 

Upon  the  inclusion/connection  of  attenuator  after  amplifier 
stage  are  implemented  the  equalities 

K%\  ■  f),  Km i  ■  1;  •  »».  u»  yii  *  *hi  "  *■.  »•  (1*120) 

Running  transmission  factors  of  the  cascades/stages 

«-'2» 

Page  45. 

The  amplitude  characteristics  of  cascades/stages  can  be 


calculated  by  the  formula 
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Consecutive  set  of  three  can  consist  of  different  combinations 
of  amplifier  stages  and  attenuators.  Consecutive  set  of  three  in 
practice  is  applied  very  rarely  due  to  the  complexity  of 
tuning/adjusting . 

Parallel  pair  (sets  of  three)  just  as  consecutive  pair  can 
consist  of  different  combinations  of  nonlinear  amplifier  stages  and 
attenuators.  However,  pair  [7],  proposed  by  the  author  and  which 
consists  of  nonlinear  amplifier  stage  (UK)  and  linear  repeater  (P) 
(Fig.  14c)  with  the  transmission  factor,  equal  to  one  with  a  change 
of  the  input  effect  in  ShDIV_  is  great  spread. 


In  general  form  AKh  of  parallel  pair  can  be  registered 


where  AN)—  the  amplitude  characteristic  o:  nonlinear  amplifier 
stage  (curve  3  in  Fig.  15); 


A(vn)  —  *n—  the  amplitude  characteristic  of  repeater  (straight  line  2 
in  Fig.  15) . 

Hence,  the  required  characteristic  of  UK 

ti  (*o)  “  /a  (*a)  ~ "  *b«  (1-123) 


Characteristic  /n(»)  is  described  by  expressions  (1-24)  and 
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(1-81) . 

If  we  into  expression  (1-123)  substitute  value  /n(»B)  according 
to  (1-81),  we  will  have 

A  (*)  —  /  (»■)  +  (*«)  — -  conit,  (1-124) 

*  > 

i.e.  with  the  work  of  pairs  in  the  quasi-linear  mode/conditions  of 
the  output  effect  UK  must  be  constant.  In  this  case  quasi-linear 
section  is  f ormed/shaped  with  repeater  with  the  differential 
transmission  factor  ba=l. 


Fig.  15.  The  calibrated  by  FAKh  parallel  pairs  on  the  graphic  scale 
1  -  pair;  2  -  repeater;  3  -  nonlinear  amplifier  stage. 


(_X  >  PeurfiM  napw 

(3)  4>JBKanOHtJl±au»  itextuM  xn<x<i1  I  (jj )  KustiaMHeftBkia  peiKiiM  <t<x<yu 


Key:  (1).  Type  FAKh.  (2).  Mode/conditions  of  pair.  (3).  Functional 
mode/conditions.  (4).  Quasi-1 inear  mode/conditions.  (5).  Complete 
recording.  (6).  Standardized/normalized  characteristic.  (7). 
Amplifier.  (8).  Repeater. 


Page . 47 . 
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As  can  be  seen  from  the  given  analysis,  it  is  expedient  to  apply 
the  parallel  pair  (set  of  three),  when  are  used  amplifier  instruments 
with  a  small  dynamic  range  on  the  input  effect,  in  particular, 
transistors.  Connecting  in  parallel  to  nonlinear  UK  one,  two 
repeaters,  it  is  possible  to  obtain  the  quasi-linear  section  of  the 
amplitude  characteristic  of  the  pair  (set  of  three)  of  considerable 
range,  and  consequently,  to  carry  out  a  successive  work  of  a  large 
number  of  nonlinear  cascades/stages  and  to  realize  FAKh  in  ShDD . 

At  the  given  value  of  the  initial  transmission  factor  of  pair 
ICu.  o  th§  initial  transmission  factor  of  amplifier  stage 

B-l.  (1*125) 

Expressions  for  amplitude  characteristics  on  the  voltage/stress 
of  amplifier  stage  and  repeater  in  the  case  of  realization  of  LAKh 
with  a*l(N=*e)  and  SAKh  with  /3<1  are  given  in  Table  4.  For  the 
realization  of  LAKh  with  N>e  it  is  necessary  latter/last  pair  to 
supply  in  the  mode/conditions  of  guarantee  N>e,  and  all  previous 
pairs  -  into  the  mode/conditions  of  guarantee  — 

Simultaneous  work  of  n  nonlinear  cascades/stages. 
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In  this  case  all  n  cascades/stages  work  in  the  nonlinear,  but 
not  functional  mode/condit ions .  During  this  mode/conditions  of 
cascades/stages  it  is  possible  to  realize  any  FAKh,  including  with 
b=var (f ) . 

Let  us  consider  the  most  real  case,  when  all  cascades/stages 

with  the  work  in  the  linear  conditions  have  identical  initial 

transmission  factor,  i.e. 

Kai  -  Kti  -  ...  -  Kmm  -  Km.  (1-126). 

Running  transmission  factor  of  the  amplifier 

a-*27> 

where  Kt «  £2.  ^ 

Running  transmission  factor  of  cascade/stage  with  the  work  in 
the  nonlinear  mode/conditions 

Kx-Kt - fa- *,(£)".  (1-128) 

Page  48. 

Amplitude  characteristic  of  the  i  cascade/stage 

«t  —  ViKi,  (1-129) 

where  »i—  the  running  voltage  on  the  input  of  the  i  cascade/stage 
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Taking  into  account  equalities  (1-188)  and  (1-130)  expression  (1-189) 
can  be  registered  in  the  form 

i 

(4)  "•  (1*131) 

In  this  case  normalized  AKh  of  the  i  nonlinear  cascade/stage 

4  n— i 

z4  =*  —  =  Z~  X~,  (1-132) 

‘■4 

B  F  ( 3 

where  tni  =  EuKi;  Z  =  =  g-  —  normalized  input  effect  and  the 

output  effect  of  amplifier. 

S5.  Method  of  adding  the  output  effects. 

Functional  amplifier  consists  of  n  consecutively/serially  (Fig. 
16a)  or  in  parallel  (Fig.  16b)  of  connected  amplifier  stages  (1,  2, 

.  ..,  n) ,  whose  outputs  are  connected  to  the  summator  of  effects.  With 
the  increase  of  the  input  effect  FU  amplifier  stages,  beginning  from 
the  latter,  alternately  leave  from  the  linear  conditions  and  enter 
into  the  saturation  mode  (limitation).  The  effects,  which  enter  the 
summator  from  the  value  and  do  not  depend  on  the  level  of  the  input 
effect  of  FU.  Depending  on  type  of  UK  and  diagrams  of  their 
inclusion/connection  the  effect,  removed  from  the  output  of  summator 
and  equal  to  the  sum  of  the  output  effects  of  all  amplifier  stages, 
is  found  in  one  or  the  other  functional  dependence  on  the  input 
effect  of  amplifier  3=F(E) . 
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Amplifier  stages  can  be  linear  (up  to  the  saturation)  (Fig.  16e) 
or  nonlinear,  identical  or  different.  Naturally,  if  amplifier  stage 
linear,  precise  FAKh  cannot  be  obtained. 

Page  49. 

For  increasing  the  accuracy  of  FAKh  in  the  diagram  are  connected  the 
further  corrective  elements/cells  (1,  2,  ...,  n  in  Fig.  16e),  as 
which  can  be  used  the  detectors  (in  the  case  of  amplifying  the  radio 
signals),  which  untie  cascades/stages,  etc.  If  it  is  necessary  to 
obtain  very  high  accuracy  of  FAKh,  such  further  elements/cells  can  be 
connected,  also,  with  nonlinear  UK. 

Let  us  agree  the  set  linear  or  nonlinear  UK  and  the  further 
corrective  element/cell  to  call  the  nonlinear  amplifier  nucleus  (I, 


Fig.  16.  Versions  of  block  diagrams  of  FU,  based  on  the  methodology 
of  consecutive  addition  voltage/stress. 

Key:  (1).  Summator.  (2).  Attenuator. 

Page  50. 

The  circuit  solution  of  summator  can  be  most  varied.  In 
principle  as  the  summator  it  is  possible  to  use  an  active  linear 
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resistor/resistance;  delay  line  (LZ);  separating  cascades/stages  with 
the  linear  amplitude  characteristic  in  ShDD  together  with  LZ  (Fig. 
16c)  or  without  it;  the  repeater  stages  (1',  2’,  n'  in  Fig. 

16g),  included  in  parallel  with  LJK,  together  with  the  separating 
cascades/stages  (1",  2",  ...,  n")  or  without  them.  In  the  absence  of 
separating  cascades/stages  of  UK  together  with  the  repeaters  are 
parallel  pairs  (S4). 

Upon  the  parallel  connection  of  UK  at  the  input  of  amplifier 
stepped  or  smooth  attenuator  (divider)  can  be  connected.  Stepped 
attenuator  can  consist  of  the  series-connected  active  linear 
resistors/resistances  (Fig.  16d) ,  amplifier  linear  cascades/stages  or 
amplifier-limiters;  from  the  in  parallel  connected  amplifier-limiters 
(Fig.  16h)  with  identical  or  different  transmission  factors  with  the 
work  in  the  linear  conditions. 

As  smooth  attenuator  LZ  (Fig.  16f)  can  be  used. 

Let  us  agree  FU  upon  the  series  connection  of  UK  to  call 
consecutive  type  FU,  and  upon  the  parallel  connection  of 
cascades/stcges  -  parallel  type  FU.  High  dynamic  quality  is  an 
advantage  of  FU  of  the  consecutive  type;  deficiency/lack  -  change  of 
phase- frequency  response  in. the  dynamic  range.  In  parallel  type  FU, 
which  have  a  comparatively  small  dynamic  quality,  it  is  possible  to 
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obtain  more  stable  phase-frequency  response. 

For  determining  the  requirements,  presented  to  UK  and 
coordinating  elements/cells,  we  analyze  FU  of  both  types. 

Analysis  of  FU  of  the  consecutive  type. 

Let  us  consider  FU  for  different  types  of  amplifier  stages  on 
the  block  diagram,  depicted  in  Fig.  16,. 

FU  with  the  identical  linear  cascades/stages.  Let  us  assume  that 
all  cascades/stages  are  identical,  they  work  in  the  mode/conditions 
of  linear  amplification-limitation  and  have  AKh,  depicted  in  Fig. 

17a;  the  transmission  factor  of  cascade/stage  with  the  work  in  the 
linear  conditions  is  equal  to  K;  the  coordinating  elements/ceils  work 
in  the  linear  conditions  and  have  a  transmission  factor  *t. 

Page  51. 

As  a  result  of  analysis  it  is  necessary  to  determine  the  value 
of  transmission  factors  k,  for  the  realization  of  assigned  FAKh. 

Let  us  follow  the  work  of  amplifier  with  the  gradual  increase  of 
the  level  of  its  input  effect.  On  the  small  level  E  all 
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cascades/stages  work  in  the  linear  conditions  and  effect  at  the 
output  of  the  amplifier 

9  am  F  (E)  ■»  E  (K'K  + 

+  +  •  •  •  +  K'kx  + 

■+  KkJ-EZ  1-133) 

Let  us  assume  that  under  the  input  influence  E=E!  the 
latter/last  n  cascade/stage  is  saturated  and  from  its  output  is  taken 
the  effect 

•tut  “  /»  (»ii)  km  “  EiKnkm- 

Effect  at  the  output  of  the  summator 

9 !  -  EtK'km  +  E,  "S'  K*~mkm_„  -/*(»«)*»  + 

mrnml 

+  S‘  (>)*«— •  (1-134) 

With  increase  of  E  to  E;  from  E ,  =KE function  F(E)  varies  at 
output  of  summator  linearly  according  to  the  law 

F(E)~  ExKnkm  +  E  (1-135) 

m— l 

Ei  <  E  ^  E% 

The  section  of  the  general/common/total  AKh  of  amplifier, 
described  by  expression  (1-135),  in  Fig.  18a  is  designated  by  numbers 
1-2.  Index  (n-1)  indicates  that  the  section  of  1-2  characteristics  of 

a 

amplifier  is  formed/shaped  (n-1)  with  cascade/stage. 
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Fig.  17.  Amplitude  characteristics  of  UK:  a)  linear  with  the 
limitation;  b)  nonlinear. 
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Under  the  input  influence  E^KEv  is  saturated  next-to-last  (n- 


cascade/stage  and 


3,-^  [if"  (*»  +  *,_,)  +  2 

m-t 

"  /  (*i i)  (^»  ■+"  *t"  2  / u—m  (v)  m. 

mmt 


(1-136) 


since 


/»  (vh)  *  /»— 1  (v«)  ™  /  (**)• 


With  Ej-EjK*  is  saturated  (n-2)  cascade/stage  and 

9,  -  (JP  i  ^  +  2*  *"-"*+*  *n-«)  - 

p» 0  t 

—  /  (*k)  u  p  "f"  2  /n— m  ('*)  ^n— m* 


(1-137) 


By  analogy  it  is  possible  to  register  that  when  £1+,  a  EiKK  when 
is  saturated  (n-i)  cascade/stage,  effect  at  the  output  of  the 


summator 
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31+1  -  Ei  (if"  £  *n-p  +  S  K^‘kn_m)  = 

p— «  m-T+l 

—  /  (*p)  2  *»-P  +  S  /n-m  (v)  *n_m.  (1-138) 

p«<i 


The  first  cascade/stage  is  saturated  when  £n  —  ExKn~l.  In  this 


case 


9n  »  C»iiffl  2  itn— p  “  /  (**)  X  ^n— P* 
p-«  P-0 


(1-139) 
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Fig.  18.  Functional  amplitude  characteristics  of  amplifiers  with  the 
addition  of  the  output  effects:  a)  consecutive  type  amplifiers;  b) 
parallel  type. 
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For  the  realization  of  the  linear  function  F(E)  must  be 
satisfied  the  condition 


(1-140) 


Condition  (1-140)  cannot  be  carried  out  in  the  case  in  question 
However,  it  is  possible  to  satisfy  it,  if  to  the  corrective 
elements/cells  we  feed  cutoff  voltages. 


For  obtaining  the  logarithmic  dependence  F(E)  all  points  1,  2, 
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3,  . ..,  n  at  the  semilogarithmic  scale  must  lie/rest  on  the  straight 
line.  This  will  be  in  such  a  case,  when  is  satisfied  the  condition  of 
the  equality  of  the  slope/transconductance  of  the  individual  sections 

of  characteristic  (n-1,  n-2,  ...,)  on  the  semilogarithmic  scale,  i.e. 

«n-j  -  =>n_j  -  •  ••  -  a,  -  a,  -  a.  (1-141) 

According  to  expression  (1-37) 

nnfc-infc - <»-<*» 


where  A 9t  -« —3,.  A9t  —  3t  . — 3«_»;  <U  —  the  working  dynamic 

a 

range  of  the  i  cascade/stage.  In  this  case  — 

«  * 

Condition  (1-42)  can  be  rewritten 


-  ala 

Solving  system  of  equations  (1-142)  relatively  fc*  taking  into 
account  expressions  (1-139),  (1-138),  (1-137)  and  so  forth,  we  obtain 

«  In  K 


,  «  in  a  «  In  d  •mi  .  « 

*»  “  (T=T)  •  '  . 

*«-*■—  •  •  •  —  *«_i  —  *n  —  fei  ^  —  y)  ■ 


« In  <t 


Thus,  for  obtaining  LAKh  the  transmission  factors  of  all 
coordinating  elements/cells,  except  the  connected  at  the  output  first 
cascade/stage,  must  be  equal  to  each  other  and  are  determined  by 
expression  (1-144).  Since  BxKn  —  9X  — 3m —  the  output  effect,  with  which 
it  begins  with  LAKh,  taking  into  account  expression  (1-144)  can  be 
registered: 


*/?,*»  **■ 
Tn7“  "  ITT' 


a 


(1-145) 
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Thus,  slope/transconductance  LAKh  depends  on  the  transmission 
factors  of  cascades/stages  and  corrective  elements/cells.  With  K=e 
and  k=l  the  amplifier  takes  the  logarithm  of  signal  according  to  the 
law  of  natural  logarithm. 


For  the  realization  of  PAKh  must  be  implemented,  according  to 
expression  (1-46),  the  following  condition: 


lu  d. 


n—  I 


where 


lnrf. 


In  cL 


3, 


*«  -  & 


«_l 


(1-140) 


3, 


;  d, 


MUtl 


*1» 


Taking  into  account  that  (£t+i  —  £i)  =»£,(<*«  — 1)  Condition  (1-146)  it  is 
possible  to  rewrite 


pin  M 


In  (S^f1) 
”  1) 


ln(3,3p) 
(dn—t  —  h 


ln(3w3Xi,) 

*TV— t  (*»  — t) 


(1-147) 


Condition  (1.147)  in  the  case  in  question  cannot  be  realized, 
but  it  is  possible  to  realize  it  during  the  supplying  of  cutoff 
voltages  on  the  corrective  elements/cells  and  in  parallel  type 
amplifier. 


For  the  realization  of  SAKh  according  to.  expression 
be  satisfied  the  condition 


-  ln  rf,H«  T»-t 


(1-53)  must 


■V 

Li 


L  »  ■  S  a.  A  ^  t 


(1-148) 
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For  the  present  instance  this  condition  can  be  registered  thus: 


1 

Si 


-K\ 


(1-149) 


For  finding  n  the  transmission  factors  of  the  corrective 
elements/cells  it  is  necessary  to  solve  n  equations  with  n  unknowns. 
With  the  sufficiently  high  transmission  factor,  when  the  condition 

K  » 1,  (1-150) 

is  satisfied  it  is  possible  to  consider  the  reaction  only  of  the 
previous  cascade/stage.  In  this  case  an  error  in  the  calculation  is 
approximately/exemplari ly  equal  to  1/K2. 


Page  55. 


With  the  adopted  assumption  the  transmission  factors  of  the 
corrective  elements/cells  can  be  consecutively/serially  calculated 
from  the  formula 

p  l~l 

2  k»-~.  (1-151) 

beginning  with  at  the  given  value  /3  and  fcn. 


Let  us  find  the  value  of  the  transmission  factors  of  the 
corrective  elements/cells,  when  on  them  cutoff  voltages  U5  are  given. 
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It  is  obvious  that  for  the  exception/elimination  of  effect  of  ( i — 1 ) 
cascade/stage  on  the  form  of  the  characteristic  of  amplifier  with  the 
formation  of  characteristic  by  the  i  cascade/stage  the  cutoff 
voltages  must  be  equal  to 

Uu  -  *ii.  (1*152) 

FOOTNOTE  l.  By  v  -  it  is  necessary  to  understand  the  voltage  of 
signal  on  the  input  of  the  i  cascade/stage.  ENDFOOTNOTE. 

If  cascades/stages  all  identical,  voltage/stress  Un  are  equal 
to  each  other.  On  the  latter/last  corrective  element/cell 
voltage/stress  U3  is  not  supplied.  In  this  case  it%is  possible  to 
register: 


with  E<El~  ^ 
with  E*E ! 


F  (E)  *  EKnkn  «  /»  (»») 
9X  —  ExKnkn  *■  /»(**) 


with 


9t  -  /„  (*,)  kn  +  fn-i  -  v»  ' 

»  Ex  \K"kn  +  (K  —  i)  K"~'kn-il> 


(1-153) 

(1-154) 

(1-155) 


with  E,stE,K*ElK: 


9%  -  fn  (*«>  *n  +  /n-i  <**)  +  "4  l5(jv 

-  £i  +  (X  —  1)  Kn-lkn~i  +  {K  —  i)K  (1*15  ) 
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with  E  4=E1K3 

3,  -  j!  fn—m  M  ^-3^- 

-  lEfc*  +  (Ei  —  1)  £  (1-157) 

with  Et+,  =»  F.XK% 

t 

3t+,  =  S  /n-m  (v n)^n-m 

m«u 

=.  lEAn  +  (E  —  1)J|I  An-ml-  (1-158) 

Page  56 . 

Taking  into  account  expression  (1-140)  and  solving 
(1-154 )-(l-158)  relatively  fc(,  we  obtain  formulas  for  calculation 
according  to  the  given  value  of  K  and  kn  in  the  implementation  of  the 
linear  function  F(E) 

fcn— i  “  k„E; 

kn-i  “  *«*  +  (1-159) 

kn_m=*  knK  +  (E  —  1)  ,2  •• 

Substituting  consecutively/serially  fc4-.i  in  E„  we  obtain  the 
simpler  general/common/total  expression  for  the  transmission  factor 
of  (n-m)  corrective  element/cell 

k^m  -  knK".  (1-1°°) 

Multistage  linear  amplifier  can  be  realized,  if  to  assign  value 
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Taking  into  account  expression  (1-142)  and  solving 
( 1-154 )-( 1-158 )  relatively  4t)  we  obtain  the  following  condition  of 
realization  of  LAKh: 


=  4, 


S,(A  -  1)  A" 


.  (1-161) 


Whence  slope/transconductance  of  LAKh  at  the  given  values  of  K  and  k 

«-*£,(*  — DJT—*  (In  (1-102) 

i.e.  is  obtained  somewhat  smaller  in  comparison  with  the 
slope/transconductance  of  LAKh  in  the  absence  of  cutoff  voltages 

q* 

(1-145).  Taking  into  account  condition  (1-147),  (1-148),  we 

obtain  recursion  formulas  for  calculation-  4,  in  the  implementation  of 
the  exponential  and  exponential  functions 


where  J  *.  A/,£,(K”n  —  in  the  case  of  realization  of  PAKh;  8  =  —  in  the 

case  of  realization  of  SAKh. 
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If  stages  are  identical,  dynamic  range  of  FAKh 
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V  M  VOLKOV  27  SEP  83  FTD-ID(RS)T-i280-83 


UNCLASSIFIED 


F/G  9/5 
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It  is  necessary  to  note  that  in  practice  it  is  very  difficult  to 
perform  amplifier  from  the  identical  cascades/stages  in  view  of  the 
scatter  of  the  parameters  of  amplifier  instruments.  Therefore  the 
case,  when  FU  is  made  from  different  cascades/stages,  is  of  practical 
interest. 


FU  with  different  linear  cascades/stages.  Let  us  assume  that  the 
cascades/stages  have  the  amplitude  characteristics,  depicted  in  Fig. 
17a,  different  transmission  factors  with  the  work  in  linear 
conditions  Kk  and  different  levels  of  input  effect  n.  with  which 
they  enter  into  the  mode/conditions  of  limitation. 


1.  To  corrective  elements/cells  are  given  cutoff  voltages,  which 
according  to  expression  (1-152)  must  be  equal  to 

U m — I  ■  Ut*— 2  a  '•nn— t  •  •  .  •  i  I  * 

With  input  effect  the  saturation  of  latter/last  n 

"n 

i-i 

cascade/stage  will  occur.  Effect  at  the  output  of  the  amplifier 


9 ,  -  /„  Nn)  K  -  EXK%  J]^ 

effect  at  input  of  (n-1)  cascade/stage 

‘  “  77IT7  • 


(1-165) 


(1-166) 


Next-to-last  (n-1)  cascade/stage  will  enter  the  mode/conditions 
of  limitation  when  i.e.  with  the  increase  of  input  effect 


' 
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w 


times 


j  Mw— I  Mil—  t  jv  w 

1  ""  Z  mm  .  *  **1»  ™  W— l* 

MW— I  *Mll 


(1-167> 


where  the  coefficient  of  a  difference  in  the  input 

'’hh 

effects,  under  which  two  series-connected  cascades/stages  enter  into 
the  mode/conditions  of  limitation. 
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Let  us  agree  value  d to  call  working  dynamic  range  of  (n-1) 
cascade/stage.  Analogously  for  (n-m)  cascade/stage 

j  _  ’nn—m  tr  _ V 

an— tfi  “  Z  *  m  7w— 

’wi-iu-fl 

Under  the  input  influence  of  amplifier  E»  — is  saturated 
(n-1)  cascade/stage  and 

3,-31+E1(dn_JAB_l]Q,ir1; 

when  E,  »  £*<**_,  —  is  saturated  (n-2)  cascade/stage  and 

3*  »  3*  +  Eidn_ t  —  1) 

With  33  E*d*-t  **  El^n— |^n— 

3«  =*  3j  4*  »  (^n— *  i)  ^n_» 


Taking  into  account  condition  (1-140),  we  obtain  the  following 
recursion  formulas  for  calculation  &(  in  the  implementation  of  the 


N.  ».  V  *v 


r-:y> 


■S# 
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linear  function  F(E) 
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^n— |  *  kn&n> 

i.  _  hn^n^n—  t  +  (dn—  I  “1)  *n— 
*"-•  -  - 


J~|  Kn— l  +  (rfn— l  -“  1)  *n— l  &  n— i  + 

m 

+  ^n— l  (^»— l  —  1)  *«— t  &  n— ‘  + 

m— i 

+  •  .  •  +  (<^n—  m  - m  A’n— m  j""j  c  »— t 

n**-* 


(1-168) 
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Substituting  consecutively/serially  k^x  in  *„  we  obtain  the 
simpler  general/conunon/total  expression  for  determining  transmission 
factor  (n-m-1),  which  corrects  element/cell  at  given  values  K,  and 


(1-109) 


Taking  into  account  condition  (1-142)  for  the  realization  of 
LAKh  we  obtain 
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t 

kn-i 


9  In  dn—i 


'-"Cl' 

9  Id  dn 


(dn—4  ~ ■  0  |~I 


a  In 


m— l 


(1-170) 


Taking  into  account  conditions  (1-147)  and  (1-148)  for  the 
realization  of  PAKh  and  SAKh  we  obtain 


jfe  M 

a,  («*-!  -i)  . 

V-l  * 

kn— t  * 

n—  l  ' 

a, 

«— 1  * 

9ld»—i  (dn—t  —  t)  j""|  . 

n—% 

A_. 


9m  (tin— m  —  t) 


8\  {dn  (n  —  X)  j""j  dn . | 


(1-171) 


where  —  in  the  case  of  realization  of  PAKh;  — 

in  the  case  of  realization  of  SAKh. 
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2.  Corrective  elements/cells  work  without  cutoff  voltages.  In 
this  case  the  slope/transconductance  of  formed/shaped  FAKh  is  raised 
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Let  us  register  expressions  for  the  output  effect  of  amplifier 
3„  3*.  ....  3»  on  the  levels  of  the  input  effect  Ew  E,  and  so  forth, 
the  corresponding  to  the  moments/torques  of  saturation  nl(n-l)  and  so 
forth  cascades/stages 

31  =  Et  (A„  Ki  +  fU+...+  *1^1): 

=»  ex  (Anfj  **+ (**-t  n  & + ‘  +  •  •  • +  k'KM- 

The  first  cascade/stage  is  saturated  under  input  influence 

n— I  . 

b\  =,  ex  j~|  dn  !-  In  this  case 

9n  «.  p  +  d*-!**-!  +  jj,  + 

^  it— I 

•  4*  ^1^1 1™1  ^  ~^* 

Taking  into  account  condition  (1-142),  we  obtain  the  following 
recursion  formulas  for  calculation  k\  in  the  implementation  of  the 
logarithmic  dependence  F(E): 


«  In  d. 

_  .  L 

Mfi  ( 

<*.  (rt,  —  1)  In  dx  1 

— - ZTt - '  ** 

~t)  J“I  <*n-i 

1  l 

US' 

(<*»  —  Mln«i  i 

m— | 

f]  +  *t 
Ui 

m— f 

m-4  |”1  + 

1  •  •  •  • 

•  •  + 

f 

m* 

m 

a* 

l 

[Um— 

If  into  condition  (1-148)  to  substitute  complete 
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expanded/scanned  values  will  be  obtained  by  n  of  equations 

with  n  by  unknowns.  As  in  the  case  of  uniform  cascades/stages, 
problem  it  is  simplified,  taking  into  account  the  output  effect  only 
of  previous  (i-1)  cascade/stage  upon  the  saturation  of  the  i 
cascade/stage.  Are  obtained  the  following  recursion  formulas  for 
calculation  in  the  implementation  of  SAKh  with  0<1 

It.  .  -  ^ ; 

*  1  |  *  an—tan—t 


kfl—m 


m— l 

*n  /Tn_ |+  dn—  i&n—  l 


D, 


Kn-i  +  '  • 1  + 


m 


(M73) 


Overall  dynamic  range  of  FAKh  on  the  input  effect  in  the  case  of  n 
different  cascades/stages 

S-pV,  (1*174) 


In  the  implementation  of  FAKh  in  the  amplifier,  which  consists 
of  the  linear  cascades/stages,  the  objective  parameter  coincides  with 
precise  only  by  the  isolated  points,  which  correspond  to  the 
moments/torques  of  saturating  the  cascades/stages  (point  1,  2,  3,  ... 
in  Fig.  18a).  The  intermediate  points  of  objective  parameter 
considerably  differ  from  precise  FAKh.  This  divergence  depending  on 
the  value  of  the  transmission  factor  K  and  working  dynamic  range  d  of 
cascade/stage. 
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Let  us  consider  the  section  of  1-2  characteristics  and  it  is 
defined,  as  accuracy  FAKh  depends  on  K  and  d.  Let  us  assume  that  all 
cascades/stages  are  identical,  without  the  corrective  elements/cells 
and  the  summator  linearly  summarizes  output  effects  e  from  the 
transmission  factors  k*l. 

Initial  section  1-2  of  FAKh  on  the  graphic  scale  is  depicted  in 

Fig.  19.  The  maximum  divergence  of  real  FAKh  Ff(E)  from  precise 

F-,(E)  is  observed  between  points  1-2,  while  the  maximum  divergence  of 

differential  transmission  factor  b  (slope/transconductance)  and  the 

converted  slope/transconductance  o-  at  points  1  and  2.  For  precise 

and  real  FAKh  according  to  expression  (1-24)  and  Fig.  19 

9,  -/•,<£)-  F  (Et)  +  A<P  (E);  (1-175) 

S9  •Fp(E)^F(El)  +  (E  —  Ei)tga,  (1-175*) 

where  F(Et)  —  Ex  tga*  •  EiK*;  E%  —  tg  «*—  the  initial  transmission  factor  of 
amplifier. 
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The  slope/transconductance  of  precise  FAKh  at  points  1  and  2  is 


respectively  equal  to 
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dPr(E\  d|A<P|g)l  31&<P(gH  + 

1  ^^s~e,  ^^e~k,  &£*£-.  a  * 

t  d \A0{Bt  —  AE)\  <?[A®(£,rf  —  A£)| 

T*  “  “  **4i.o 


(1-170) 

(l-17Qa) 


Slope/transconductance  of  real  FAKh  at  points  1  and  2 

aep(Et—A£) 


arp  (g,  +  a£) 
a 


tga. 


(1-177) 


The  maximum  divergence  of  real  FAKh  from  precise  &9u=*9r  —  3P  and 
input  effect  £„.  with  which  is  observed  this  divergence,  it  is 
possible  to  find  from  the  condition 


M£„)  -bvtE*)>  or  =  tg*.  (1-178) 


As  a  special  case,  let  us  find  the  divergences  of  the  objective 
parameter  of  the  logarithmic  amplifier,  made  on  the  identical 
cascades/stages  with  the  transmission  factors  K.  Using  expressions 
(1-136)-(1-138)  and  (1-175)  and  Fig.  19a,  for  precise  and  real  LAKh 
it  is  possible  to  register 

/,(£)-/’(£J)  +  TnllD^;  <M70> 

F9  (E)  -  EnEl  +  E  2*  /T-1,  (1-180) 

*-i 

FiEj-E^IT-'. 


where 
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o  f,  £„ 


F#y/\ 


Ft  Jm  Ft  E 

b) 


Fig.  19.  Initial  section  of  FAKh  of  multistage  amplifier  on  the 


graphic  scale:  a)  b»var  (4,);  b)  b*var  (f); 


precise . 


real ; 
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On  the  basis  of  condition  (1-178)  we  find  that  the  maximum 


divergence 


AS.  -  F  (£0  -  ( In  (A  1°  <0  +  *) 


is  observed  under  the  input  influence 


where 


Tlurf’ 


+  +  +  •  •  •  +  yen  < 


Maximum  relative  deflection 


*3,,  A  —  fin  Min  <0  +  t|  (In  JC)_‘ 

KWJ  “  <4  +  |l— (In/fl"*  inUlndl  * 
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According  to  expressions  (1-176),  (1-179)  and  (1-180)  we  find 
the  values  of  the  slope/transconductance  of  precise  and  real  FAKh  at 
points  1  and  2: 


V 


"Slal' 
ip  -  AKn~l. 


(1-182) 

(1-183). 


Then  relative  error  on  the  slope/transconductance 

86  -  -  1—  .  (1-184) 


Slope/transconductance  of  LAKh  in  the  converted  coordinates  is 
determined  by  expression  (1-145).  Let  us  find  the  expression  for  the 
slope/transconductance  of  objective  parameter  (1-180), 
examined/considered  also  in  the  semilogarithmic  scale.  For  this  let 
us  introduce  new  variable  a*InE.  Then  expression  (1-180)  in  the  new 
coordinate  system  can  be  registered  thus: 

3P  -  F9(E)  -  +  «■  tf1-4. 
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Slope/transconductance  of  the  objective  parameter 

*p  -  4?  -  s' 

Oa  (To 

Passing  to  variable  E,  we  obtain 
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9p  =E  -  AK'-'E.  (1-185) 

Relative  error  on  the  slope/transconductance  with  k=l 

8a  =»  !iZ!e  *  1  _  EA 

The  obtained  expression  coincides  with  formula  (1-184),  i.e., 
relative 'error  on  the  slope/transconductance  of  LAKh  in  the  usual  and 
converted  coordinates  coincides. 

For  point  of  inflection  1  with  E=E,  we  have 

— TT~ '  (1-180) 

for  point  of  inflection  2  with  E^E^E^d  ^ 

(l-186a) 

Curves  5 ax,  5a,  and  l3u=f(K),  calculated  by  formulas  (1-181)  and 
(1-186)  for  case  of  K=d,  are  given  in  Fig.  20.  During  the  calculation 
in  coefficient  of  A  were  considered  five  members.  From  the  curves  it 
is  evident  that  the  slope/transconductance  of  objective  parameter  at 
point  1  is  less,  and  at  point  2  it  is  more  than  the 
slope/transconductance  of  precise  LAKh  at  any  value  of  transmission 
factor  K.  An  error  in  the  objective  parameter  increases  with  an 
increase  in  the  transmission  factor  K  and  dynamic  range  d.  Errors 
vanish  with  d-*l  and  K*1 .  However,  with  K-*l  amplifier  loses  amplifier 
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properties. 

Amplitude  characteristic  of  real  UK  consists  of  the  linear  and 
nonlinear  sections  (Fig.  17b).  With  the  transistorization  nonlinear 
section  can  occupy  significant  part  the  characteristic  of 
cascade/stage. 
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Fig.  20.  The  curves  of  the  dependence  of  an  error  in  real  LAKh  on  the 
value  of  the  transmission  factor  of  cascade/stage  K:  1  -  5alf*  2  - 
3  *  5  o  j . 

Page  65.  If  the  character  of  the  nonlinear  characteristic  of 
cascade/stage  coincides  with  the  character  of  formulated  FAKh,  then 
accuracy  of  FAKh  can  be  considerably  increased. 

For  obtaining  FAKh  of  high  accuracy  nonlinear  cascades/stages 
must  have  completely  specific  amplitude  characteristics.  Let  us 
consider  FU  with  the  nonlinear  cascades/stages. 

Functional  amplifiers  with  the  identical  nonlinear  cascades/stages. 

For  obtaining  precise  FAKh  of  n-cascade  amplifier  it  is 
necessary  that  combined  AKh  of  each  amplifier  nonlinear  cascade/stage 
and  linear  summator  would  satisfy  the  requirements  of  the  successive 
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work  of  parallel  pairs. 

However,  in  this  case  there  is  a  difference,  consist  in  the  fact 
that  instead  of  the  repeater  in  parallel  to  nonlinear  cascade/stage 
is  connected  the  summator,  from  which  the  summed  up  output  effects  of 
the  previous  cascades/stages  do  not  enter  the  inputs  of  subsequent 
amplifier  stages.  This  unidirectional ism  is  ensured  by  the  corrective 
elements/cells  (detectors  or  the  untying  cascades/stages) . 

On  one  hand,  the  total  characteristic  of  nonlinear  cascade/stage 
and  summator,  which  let  us  designate  /»(*«).  it  must  be  described  by 
expressions  (1-20),  (1-24)  and  (1-81)  and  to  satisfy  conditions 
(1-76),  (1-80),  on  the  other  hand,  real  total  characteristic  can  be 
registered 

/ip*  (*t)  "  kfi  (*0  +  S  ki—mfi — m  (■**•— m)-  (1-187) 

For  obtaining  precise  FAKh  must  be  implemented  the  equality 

ft  (*0  —  /ip  (»«)•  (1-188) 

Then  the  amplitude  characteristic  of  the  i  nonlinear 
cascade/stage  must  be  described  by  the  expression 

A  (?l)  —  %  [/l  (>«)  —  ^  <v_J .  (1-189) 

mml 
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Taking  into  account  that  A-i (*,_*)  =■  vt  and  the  initial 
transmission  factors  of  all  cascades/stages  are  equal,  we  can 
register 

- -  •  — -  4—1 

A(»i)  -  £  [ft  (v»)  —  vi  £  (l-18fla) 

mm  i 

For  simplification  in  the  construction/design  of  amplifier  we 
accept  •••  ■*,»!.  Then  expression  (1-189)  is  simplified 

A  (*0  -  h  <*«)  -  n  S  K}~m.  (1-190) 

m-l 

Witn  the  work  in  the  linear  conditions  of  i  caspade/stage 
and  expression  (1-190)  can  be  rewritten 

A  (n) -*«(*»-£  (1-191) 

m— 1 

where  £»—  initial  transmission  factor  of  function  /,(v). 

From  expression  (1-191)  we  obtain  equation  for  determining  the 


initial  transmission  factor  of  the  i  nonlinear  cascade/stage 
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where  m  -  number  of  the  previous  cascade/stage,  whose  output  effect 
is  considered  during  calculation  K.  To  count  off  m  necessarily  from 
the  i  cascade/stage  to  the  input  of  amplifier.  With  m=l  we  obtain 
expression  (1.125).  With  m=2  we  obtain  the  equation  of  the  second 
power 

K*  —  K(K,  — 1)  +  1  -0. 


Whence 


K  - 


+ 


(1-193) 


An  error  in  the  calculation  according  to  formula  (1-192)  can  be 
approximately  considered  according  to  formula  hK=*-^.  Therefore 

"i 

with  K£55  K  do  not  exceed  4%. 


With  m=l  the  amplitude  characteristics  of  nonlinear 
cascade/stage  are  described  by  the  expressions,  given  in  Table  4.  At 
the  arbitrary  value  of  m  of  expression  for  AKh  the  cascades/stages 
will  be  analogous. 


Page  67. 

The  results,  obtained  in  the  previous  paragraph  during  the 
analysis  of  the  successive  work  of  nonlinear  cascades/stages,  are 
suitable  and  in  this  case. 
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With  the  equality  of  the  transmission  factors  of  corrective 
elements/cells  expression  (1-186)  can  be  registered 

ft  (*■)  +  W  00  -»  k  (/ip  (**)  +  AtfJp  (»)|. 

According  to  expression  (1-37)  A#  (>)»«,  we  can  register 

a  *■  *Op.  (1-194) 

Thus,  changing  the  transmission  factor  k  of  the  corrective 
elements/cells,  it  is  possible  to  change  the  slope/transconductance 
of  total  FAKh.  However,  with  a  change  of  value  k  in  the  equal  measure 
output  effects  ?(&*)  are  changed  and  P(E^  dynamic  range  on  the  output 
effect  of  amplifier  remains  constant. 

At  constant  value  of  k»l  this  can  be  realized  by 
inclusion/connection  to  the  output  FU  of  linear  device/equipment  with 
the  transmission  factor,  equal  to 

(1-195> 

In  many  instances  it  is  necessary  simultaneously  with  the 
decrease  of  slope/transconductance  of  FAKh  to  decrease  range 
This  can  be  realized  as  follows:  latter/last  cascade/stage  together 
with  the  summator  is  placed  in  the  mode/conditions  of  the  guarantee 
of  FAKh  of  the  assigned  slope/transconductance.  Total  characteristic 
is  described  by  expressions  (1-20),  (1-24)  and  (1-81).  The 
transmission  factor  of  the  latter/last  corrective  element/cell  is 
taken  by  the  equal  to  one,  i . e .,**-» ‘1. 
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All  remaining  cascades/stages  are  placed  in  the  most  real 
mode/conditions  with  slope/transconductance  «p,  which  more  easily  in 
all  is  ensured,  and  transmission  factors  *<  of  the  corrective 
elements/cells,  connected  at  the  outputs  of  these  cascades/stages, 
are  calculated  from  formula  (1-195). 

Then  all  results ,  obtained  earlier,  are  valid  for  the 
cascades/stages,  which  precede  the  latter,  for  which  initial 
transmission  factor  must  be  determined  from  the  equation 

*.-*21  -  *i.  (1*196) 

m-»l 

where  K  -*  initial  transmission  factors  of  cascades/stages;  k  -  is 
determined  according  to  formula  (1-195). 

Page  68. 

With  m»l 

Kn~  Kx—k  -  — -L  (1-197) 

and  AKh  of  the  last  cascade/stage  must  be  described  by  the  expression 

(.(».)-/»<*)—  f*.  (1-198) 

As  an  example,  it  is  possible  to  consider  obtaining  LAKh  with 
the  foundation  of  logarithmic  operation  N(a  +  \).  In  this  case 
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In  this  case  general/common/total  FAKh  of  amplifier  F(E)  with 
the  strictly  successive  work  of  nonlinear  cascades/stages  is 
formed/ shaped  without  the  effect  of  the  output  effects  of  the 
previous  cascades/stages.  Then  AKh  of  cascades/stages  when 
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they  must  be  described  by  expressions  (1-20),  (1-24),  and  when  >  V<K 

/♦  (»t)  —  fi  (*■)  +  A04  (vte)  -  conat.  (1*200) 

Furthermore,  must  be  satisfied  condition  (1-76).  If  in  the 
objective  parameter  it  is  most  easy  to  realize  slope/transconductance 
op.  then  value  k  is  calculated  from  formula  (1-195). 

Law  (1-199)  can  be  realized  during  the  supplying  to  the 
corrective  elements  of  the  cutoff  voltages,  whose  value  is  determined 
by  expression  (1-152). 

Page  69. 

However,  to  obtain  the  objective  parameter  of  transmission  with  the 
sharp  fracture  is  very  difficult  and  it  will  have  some  section  of 
smooth  transition  from  and  which  will  introduce  further 

error  in  FAKh.  This  section  can  be  obtained  quite  small  with  small 
input  voltage  (for  example,  emitter  detector)  [8]. 

The  supply  of  cutoff  voltages  on  the  corrective  elements/cells 
considerably  facilitates  the  adjustment  of  amplifier  from  the  point 
of  view  of  obtaining  the  assigned  slope/transconductance  of  FAKh. 
However,  in  this  case  are  their  negative  sides. 
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In  the  implementation  of  dependence  (1-200)  when  *<*«  must  be 
observed  sharp  fracture  in  AKh  the  cascade/stage,  which  to  carry  out 
is  virtually  very  difficult.  The  presence  of  transition  section 
causes  the  divergence  of  the  slope/transconductance  of  real  FAKh  from 
the  slope/transconductance  of  precise  FAKh  at  points  £*.  which 
correspond  The  mode/condit ions  examined  it  is  expedient  to  apply 
in  transistor  FU,  since  the  transistors  more  sharply  pass  into  the 
saturation  mode  in  comparison  with  vacuum  lamps. 

It  is  necessary  to  note  that  in  the  transistor  amplifier  it  is 
very  difficult  to  fulfill  identical  nonlinear  cascades/stages. 

FU  with  the  different  nonlinear  cascades/stages. 

Let  us  assume  that  FU  consists  of  the  nonlinear  cascades/stages, 
which  have  different  ones  ’/*(*«)»  *«t.  »«t,  /*(*■«)  and  /«(*■«)  (Fig.  17a).  In 

this  case 


Under  the  made  assumptions  the  mechanism  of  the  formation  of 
FAKh  of  multistage  amplifier  considerably  is  complicated.  Let  us 
consider  the  process  of  formation  of  FAKh  on  the  block  diagram  in 
Fig.  16c.  For  simplification  in  the  analysis  upon  the  saturation  of 
the  i  cascade/stage  on  the  formation  of  FAKh  we  will  consider  the 
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output  effect  only  of  one  of  previous  (i-1)  cascade/stage. 

Let  us  assume  that  with  E,.  the  latter/last  (n-th)  cascade/stage 
is  saturated.  Then 

9\  "*  F  (El)  “  /«  (vk«)  ('*»— l)  i* 

Page  70. 

In  this  case  there  can  be  two  cases: 


1.  The 


inequality 


i  (1-202) 

is  fulfilled.  ^"in  this  case  (n-1)  cascade/stage  works  in  the 
linear  conditions  and  its  output  effect  can  be  expressed  through  its 
initial  transmission  factor 


2.  Inequality 


>  '•mit—  i 


(1-203) 


is  fulfilled.  ftln  this  case  (n-1)  cascade/stage  works  in  the 
nonlinear  mode/conditions,  and,  if  analytical  writing  /«-.»(**- 1),  is 

unknown  then  it  cannot  be  expressed  through 


Since  /«-»(’)*■  y< 


9%  ■»  kjn  (»k»)  +  l*' 
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Analogously  it  is  possible  to  register  that  when  Et  =■  Eid^ 

3%  »('*■")  l/*—  1  (^nn— l)  **»“ •  » 

when 

3t  s»  S  wJn—m  «)  4"  •«»— ifcn— S  • 


when  —  Ex  n-u.  is  saturated  the  first  cascade/stage  and 


™  — ("/it— m  (vRn— m). 

Taking  into  account  conditions  (1-142)  and  (1-148),  we  obtain 
expression  for  the  transmission  factors  *«. 


With  the  implementation  of  LAKh 

l  a  ln*i  ,  a  in  rf,  — 

h  (%j)  '■]  ’  /*  (■»„>)  —  v^j  ’ 


a  In 


(1-204) 
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If  to  the  corrective  elements/cells  cutoff  voltages  are  given 
then  in  the  numerators  of  expressions  (1-204)  it  is  necessary  to 
leave  only  one  first  term. 

In  the  implementation  of  SAKh  (taking  into  account  only  first 
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two  terms  3) 


/*—»  i)  “  .7 ' 


(1-205) 


In  the  case  in  question  the  objective  parameter  of  amplifier 
will  coincide  with  the  point  of  FAKh  only  at  the  isolated  points  as 
with  the  linear  cascades/stages.  However,  intermediate  points  will 
deviate  in  the  smaller  measure. 


For  obtaining  precise  FAKh  of  amplifier  nonlinear 
cascades/stages  must  have  completely  specific  characteristics,  whose 
form  can  be  determined  from  the  working  conditions  for  the  successive 
of  identical  and  different  parallel  pairs. 

Analysis  FU  of  the  parallel  type. 

The  requirements,  presented  to  amplifier  stages  and  corrective 
elements/cells,  in  parallel  type  FU  depend  on  the  circuit  solution  of 
supplying  the  effect  on  inputs  of  cascades/stages.  Effect  can  enter 
directly  the  inputs  of  all  cascades/stages  (Fig.  16b);  through  the 
divider  (Fig.  16d  and  f),  also,  through  the  corrective  elements/cells 
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ti? 

FU  without  the  corrective  elements/cells  (Fig.  lot).  Diagram  in 
Fig.  16b  is  a  special  case  of  diagram  in  Fig.  16h,  when  to  the 
cascades/stages  are  not  given  cutoff  voltages  and  —  1.  “ 


Amplitude  characteristic  of  n-cascade  FU  is  described  by  the 
expression 

F(£>- (1-2O0> 

Initial  transmission  factor  of  amplifier  with  the  work  in  the 
linear  conditions 

K0  ~i  K«.  (1-207) 

4-1 

Page  72. 

For  obtaining  precise  FAKh  the  cascades/stages  must  be 
identical,  nonlinear  and  have  AKh,  described  by  the  expression 

/.('.)  -HR-'-yp.  (1-208) 

where  F(E)  is  described  by  expressions  (1-15)  and  (1-19). 

The  slope/transconductance  of  FAKh  of  the  amplifier 

«o«£<h,  (1-209) 

i.i 

where  34—  slope/transconductance  of  FAKh  of  the  i  cascade/stage. 
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If  cascades/stages  are  identical,  the  slope/transconductance  of 
FAKh  of  amplifier  is  n  times  more  than  the  slope/transconductance  of 
FAKh  of  cascade/stage,  which  is  the  advantage  of  diagram. 

In  the  diagram  in  question  the  dynamic  range  of  FAKh  of 
amplifier  is  equal  to  the  dynamic  range  of  the  nonlinear  section  of 
the  characteristic  of  amplifier,  i.e.,  D=d,  what  is  a  deficiency/lack 
in  this  diagram. 

Diagrams  with  the  divider  and  the  corrective  elements/cells,  in 
which  it  is  possible  to  carry  out  a  successive  work  of  amplifier 
stages,  possess  considerably  greater  possibilities. 

FU  with  the  different  linear  cascades/stages,  which  work  in  the 
mode/conditions  of  amplification-limitation  and  without  the  cutoff 
voltages.  It  is  obvious  that  parallel  type  FU  with  the  different 
cascades/stages  it  is  possible  to  fulfill  on  one  of  the  diagrams 
(Fig.  16d,  f ,  h) . 

Analyzing  diagram  with  the  divider  at  the  input  (Fig.  16d) ,  we 
assume  that  the  cascades/stages  have  the  amplitude  characteristics, 
depicted  in  Fig.  17a,  and  different  values  knl  and  Let  us  agree 
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to  designate  the  coefficients  of  the  divisions  of  divider  through^. 
Coefficient  of  the  division  of  input  effect  for  the  i  cascade/stage 
with  kt=l  according  to  Fig.  16d 


k< 


*m 


(1-210) 


Let  us  consider  the  work  of  amplifier.  Let  us  assume  that  when 
the  1st  cascade/stage  (Fig.  18b)  is  saturated.  Then  effect  at 
the  output  of  the  amplifier 

n 

3 1  “  £»  +  ■  •  •  + 
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In  this  case  effect  at  the  input  of  the  2nd  cascade/stage 

With  Ej^Ei  is  saturated  the  2nd  cascade/stage  and 

9t  m  +  dt(klktKt  +  kxk^ktK,  4*  •••  +  (1-211)- 


where  d.  —  I1  —  —  —  rrV—  working  dynamic  range  of  2nd  cascade/stage, 

«i  '•■a 

which  in  Fig.  18b  is  designated  by  numeral  2; 


with  Ej=E1d,d3  is  saturated  the  3rd  cascade/stage  and 

9% »  E\ [kxKi  +  dikJi%K%  ■+■  d%d% +  •••  +  I”! 
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where 


’id 


K4 


d^k^kt 


*1 <*  . 

Sidfk^kf  ' 


«— l 

when  £«_i  —  is  saturated  (n-1)  cascade/stage  and  then 


^n— i  ™  Ex(kiKx  +  kxktd%K%  ■+•  •••  +  Kh  j~^&t);  (1*212) 

n 

when  dn^EiJJ^di  is  saturated  the  n  cascade/stage  and 


9« 


H  | 

Ex  {kxKx  +  kJctdiKt  +■  •  •  •  ■+■  Kn  n* 


(1-213) 


where 


(1-214) 


Taking  into  account  reaction  only  of  one  subsequent  in  parallel 
connected  cascade/stage,  and  also  condition  (1-142),  we  find 
expression  for  the  coefficients  of  division  in  the  implementation  of 
LAKh: 


,  4  ill  dm _  ,  i,  _  _ *  l*1  *4  . 

k*  “  Bt(d,  -3)lTt  ’  *■  £,  -  ’ 


«  111  df! 


n— 1  »— 1 


(1-215) 
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If  objective  parameters  of  UK  are  known,  then  the  coefficients 
of  division  can  be  calculated  from  the  formula 
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/•V 


ki 


(1-218) 


and  it  is  possible  to  determine  slope/transconductance  of  LAKh  from 
the  parameters  of  the  characteristics  of  amplifier  stages 


<*•-*>  %jK-D 

°*  ™  T~m —  ;  3i r_ 


''*>1  (^n— l)  ,4  oj«t\ 

**--3nnr-(1-217) 


dt  la  <L,  ’  d,  In  <i. 

Equations  (1-217)  are  transcendental  and  can  be  solved 
graphically  or  by  the  method  of  iterations. 


If  condition  <*«>1.  is  satisfied  then  slope/transconductance 
tentatively  can  be  calculated  from  the  approximation  formulas 

‘’•"era;'  ••• ;  }  (1'218> 

Expressions  (1-217)  and  (1-218)  can  be  used  for  the  check 
calculations  of  finished  diagrams. 


Analogously  it  is  possible  to  show  that  for  the  diagram  in  Fi 
16h  when  and  k=l  is  correct  the  expression  for  the 

transmission  factor  of  the  i  corrective  element/cell,  connected  at 
the  input 


*♦ 


(1-219) 


g 


and  also  expression.  (1-217)  and  (1-218). 
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For  the  realization  of  SAKh  in  the  diagram  in  Fig.  16h  taking 
into  account  (1-148)  and  reacting  only  the  saturated  cascades/stages 
we  obtain 


!»  (8 .-dm  +  ViW 

dtKt  ’  *» 


(9n  -  1)  (k^Ky  +  dxkyk^K%  +  ■  ■  ■  + 


n— l 

SiflM 


(1-220) 


Page  75. 


Analogously  for  the  diagram  in  Fig.  16h  taking  into  account  only 
the  reaction  of  the  saturated  cascades/stages,  we  obtain 


*.*.(«! -1). 


(*n  -  1)  <*!*»  +  VA  +  W.*.  +  •  •  ’  +  **-«**  fl 


*•  “ 


*-l 


Aj/fj  +  d, k%Kt  ■+•  dfdfkyjt,  +  •  •  +  i'k’w— t  J""|  d\ 


(1-221) 


On  the  basis  of  analysis  it  is  possible  to  do  the  conclusion 
that  upon  the  parallel  connection  of  the  different  cascades/stages, 
which  work  in  the  mode/conditions  of  linear  amplification-limitation 
and  without  the  cutoff  voltages,  cannot  be  realized  FAKh  with 
&«y«r(t)  in  shDD  with  the  successive  work  of  cascades/stages. 
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However,  FAKh  with  4  —  v»r(t)  it  is  possible  to  realize  with  the 
successive  work  of  cascades/stages  in  the  amplifier  with  the 
corrective  elements/cells,  connected  at  inputs  or  outputs  of 
cascades/stages  (1,  2,  ...  in  Fig.  16h).  Cascades/stages  alternately 
enter  into  the  operational  conditions  during  the  supplying  of  the 
corresponding  cutoff  voltages  on  the  corrective  elements/cells. 

The  in  principle  cutoff  voltages  can  be  supplied  to  amplifier 
stages.  However,  in  the  latter  case  further  difficulties  in  the 
formation  of  FAKh  appear,  since  the  differential  transmission  factor 
of  cascade/stage  on  leaving  from  the  cutoff  mode/conditions  vanishes. 

« 

FAKh  in  the  amplifier,  assembled  on  the  diagram  in  Fig.  16h,  can 
be  formed  with  the  work  of  amplifier  stages  in  the  linear  conditions 
in  entire  dynamic  range  of  FAKh  of  amplifier;  in  the  mode/conditions 
of  linear  amplification-limitation;  in  the  nonlinear  mode/conditions. 

The  second  and  third  modes/'condit ions  of  cascades/stages  are 
suitable  for  formation  of  FAKh  in  the  amplifier,  assembled  on  any 
diagram  in  Fig.  16. 

FU  with  the  different  cascades/stages  and  the  corrective 


elements/cells  (Fig.  16h) . 
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1.  Cascades/stages  work  in  linear  conditions. 


Page  76. 


For  guaranteeing  the  successive  work  of  cascades/stages  on  the 
input  corrective  (untying)  elements/cells  the  cutoff  voltages 


are  given. 

( corrective) 
the  formula 


U 31  — 0;  U tz—  Ei,  U £*=»  Eid^,  , . .  ,  U% »  *=  i  =s“  ^*3  |  I  d\ 

t-t 

(1-222) 

If  cutoff  voltages  are  supplied  to  the  output  untying 
elements/cells,  then  their  values  are  calculated  from 


<?r. 


«—  l 


u; i  -  KiUU  -  n  <*m-  (1-223) 


Let  us  consider  work  of  FU.  With  ESE,.  the  output  of  amplifier 
the  effect  enters  only  from  the  output  of  the  first  cascade/stage  and 
the  transmission  factor  of  amplifier  is  equal  to  the  transmission 
factor  of  the  first  amplifier  element/cell 

K,  -  klklK*,  -  Klt  (1-224) 

where  k'w  k’,  and  respectively  the  transmission  factors  of 

the  input  and  output  corrective  elements/cells  and  amplifier  stage; 

K%  ■» k[k\ K*\  —  transmission  factor  of  the  first  amplifier 
element/cell,  which  consists  of  series-connected  UK  and  corrective 


elements/cells . 
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With 

with  E£Et  together  with  the  first  cascade/stage  works  the 

second;  then  (Fig.  21) 

3  =  F(E)  =■£<£,+ 

where  Ej^Eid, 

3-t  =»  £t  (Kt  +■  K-i)  —  Kt]i  (1-225) 

with  E,3«E1d,=E1d1d, 

9t  -  £,  ldtd,  (Kl  +  Kt  +  Kt)  -  Kt  —  dtK,l; 

when  £,  =  «  £,  Cl* 

a.  -  i  n  ■<.  i;  -  jc.  -  .  -  *.  fT  <«• 

i-2  i-l  i-2 
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Fig.  21.  FAKh  with  b-var(t)  of  the  amplifier,  assembled  on  the  block 
diagram  Fig.  16h. 
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in  the  implementation  of  SAKh  and  PAKh: 


*■“ 

WW.-T) 

«.  [ft*  £Kt-X]+X-ft*  V1  fft 


<*.-onl* 

•-a 


(1-229) 


where  ^  + 

implementation  of  SAKh; 

9.  ■ 


PAKh. 


M 


0.-4- 

in  the 


in  the 

implementation  of 


The  advantage  of  the  mode  of  operation  of  cascades/stages 
examined  is  the  fact  that  FAKh  with  6»vtr(f)  can  be  formed  with  the 
transmission  factors  of  the  amplifier  elements/cells,  equal  to  one, 
i.e.,  with  satisfaction  of  the  condition 

-  •  •  •  -  AT.  -  1.  (1-230) 

Page  78. 

However,  this  mode/conditions  has  the  deficiency  that  FAKh  can 
be  formed  in  a  comparatively  small  dynamic  range  of  the  first 
cascade/stage. 

From  the  deficiency/lack  indicated  is  free  the  mode/conditions 
of  linear  amplification-limitation. 
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2.  Amplifier  elements/cells  work  in  mode/conditions  of  linear 
amplif icat ion- limitation. 

The  mode/conditions  of  the  limitation  of  amplifier  element/cell 
can  be  realized  directly  in  amplifier  stage  either  in  the  untying 
element/cell,  connected  to  input  or  output  of  amplifier  stage  (Fig. 
16h).  If  it  is  necessary  to  sharply  bound  signal  level,  from  limiting 
element/cell  should  be  included  at  the  output  of  amplifier  stage, 
since  with  large  levels  of  signal  an  effect  of  limitation  to  carry 
out  more  easily. 

In  each  special  case  the  connection  point  of  limiting 
element/cell  is  determined  by  the  circuit  solution,  the  type  of 
amplifier  element/cell  and  by  form  of  FAKh. 

Let  us  consider  the  strictly  successive  work  of  amplifier 
elements/ceils  in  the  mode/conditions  of  amplification-limitation  on 
the  assumption  that  the  limiting  elements/cells  are  connected  to  the 
inputs  of  amplifier  stages  and  on  them  are  given  the  cutoff  voltages, 
whose  values  are  selected  from  condition  (1-222). 

The  output  effect  of  amplifier  with  the  work  of  the  i 
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cascade/stage  in  the  linear  conditions  is  changed  according  to  the 
law 

i—i 

9*  S  /m  (vm)  "h  (Ei  —  Ei—i)  Ki.  (1-231) 

1 

The  output  effects  of  amplifier,  which  correspond  to  levels  Ew 
Ei,  E„  ....  En,  with  which  they  enter  into  the  mode/conditions  of 
limitation  1,  2,  the  n  cascade/stage,  are  equal  to 

3  =s  e  K  ■ 

9\~EAIC\  +  Kt  (d,  -  1)  -  9{  +  EiKt  ( d ,  -  1); 

9,  -  Et  (if,  +  Kt  ( d,  - 1)  +  KA  (d,  -  I))  -  3,  +  ElKA  ( d ,  -  1); 
*****■**•••••«•••••••••• 

lA  +  A  (<i»  —  1)+ A^»  (^t — 1)  •)*•••  +  A  ( d n  — ■  1)  |~|  d*J. 
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Taking  into  account  conditions  (1-140),  (1-142),  (1-147)  and 
(1-148),  we  obtain,  that  for  the  realization  of  linear  characteristic 
the  transmission  factors  of  all  amplifier  elements/cells  must  be 
equal,  i.e. 

A  -A-  •••  -A.-A  "  (1-232V 

for  the  realization  of  LAKh: 


«  In  <Li  .tr 

irrar-TV  K% 


« In  it 


« Inin 


(l-233> 


for  the  realization  of  SAKh  and  PAKh: 


In  the  case  in  question  in  the  implementation  of  FAKh  with 
is  implemented  inequality 

JTt  <£.<£,<  ...  <*„  (1-23S> 

in  the  implementation  of  FAKh  with  6  —  ▼«(!)  is  implemented  the 
inequality 

AT(  >  >  •••  >  _ i  >  (1-236)- 

which  can  be  realized  at  the  given  values  of  transmission  factors  UK 
with  the  help  of  the  selection  of  the  transmission  factors  of  the 
corrective  elements/cells. 

By  the  advantage  of  the  method  examined  is  the  possibility  of 
obtaining  FAKh  in  the  broad  dynamic  band  with  the  input  effect; 
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deficiency/lack  -  smaller  slope/transconductance  of  FAKh,  chan  with 
the  work  of  cascades/stages  in  the  linear  conditions  with  the  same 
transmission  factors. 

According  to  the  obtained  recurrent  formulas  (1-228),  (1-229), 

(1-232),  and  (1-233),  we  can  calculate  the  required  transmission 
factors  of  cascades/stages,  if  are  assigned  s lope/ transconductance 
of  FAKh  (or  its  law),  the  input  effect  ,  under  which  it  must 
begin,  and  the  working  dynamic  ranges  of  the  cascades /stages  on 
the  input  effect,  whose  value  is  determined  by  the  assigned 
accuracy  of  realization  of  FAKh. 


Page  80. 


In  practice  can  arise  the  inverse  problem,  when  the  transmission 
factors  of  amplifier  elements/cells  are  known  and  it  is  necessary  to 
determine  the  working  dynamic  ranges  of  cascades/stages  dit  on  the 
basis  of  the  assigned  to  accuracy  of  realization  of  FAKh.  In  the  case 
of  amplifier  with  LAKh  for  determination  from  the  assigned 
accuracy  of  the  realization  of  characteristic  it  is  possible  to  use 
(1-177),  (1-182)  and  (1-183). 

For  the  remaining  types  of  FAKh  it  is  possible  to  obtain 
analogous  formulas.  After  determination  d<  from  formulas  (1-222)  or 
(1-223)  the  cutoff  voltages,  supplied  are  designed  for  the  corrective 
elements/cells . 


Parallel  type  of  FU  with  the  nonlinear  cascades/stages. 
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It  is  obvious  that  during  the  use  of  linear  cascades/stages  only 
the  isolated  points  of  objective  parameter  coincide  with  precise 
FAKh.  The  points  of  the  coincidence  of  characteristics  are  greater, 
the  more  the  cascades/stages  participates  in  the  formation  of  FAKh. 
However,  it  can  seem  that  the  assigned  accuracy  of  FAKh  can  be 
obtained  with  an  inadmissibly  large  number  of  cascades/stages.  In 
this  case  for  the  formation  of  FAKh  it  is  necessary  to  apply 
nonlinear  cascades/stages. 

For  the  formation  of  more  precise  FAKh  should  be  taken  the 
nonlinear  cascades/stages,  which  have  the  same  character  of  a  change 
in  the  differential  transmission  factor  (increase,  decrease). 

In  the  most  general  case,  when  AKh  cascades/stages  cannot  be 
described  mathematically,  the  transmission  factors  of  nonlinear 
cascades/stages  it  is  necessary  to  calculate  from  formulas  (1-204), 
(1-205),  (1-228),  (1-229),  (1-233)  and  (1-234)  for  the  levels  of 

■f 

input  effect,  which  correspond  to  the  moments/torques  of  the  entrance 
of  cascades/stages  into  the  mode/conditions  of  limitation 
(saturation).  For  the  n  cascade/stage  during  the  supplying  of  cutoff 
voltages  on  the  corrective  elements/cells  this  level 
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For  obtaining  FAKh  of  the  high  accuracy  AKh  of  cascades/stages 
must  be  completely  specific.  The  required  form  of  the  characteristic 
of  nonlinear  cascade/stage  can  be  determined,  on  the  basis  of  the 
principle  of  the  successive  operation  of  the  parallel  pair  of 
cascades/stages.  In  this  case  the  i  nonlinear  cascade/stage  taking 
into  account  output  effects  (i+lj^  (i+2),  ...  cascades/stages  must 
form/shape  AKh,  suitable  for  the  successive  work  of  cascades/stages 
and  nonlinear  mode/conditions. 

Page  81. 

If  nonlinear  cascades/stages  are  identical  and  work  without  the 
cutoff  voltages,  AKh  cascades/stages  with  the  strictly  successive 
work  just  as  in  consecutive  type  FU,  they  must  be  described  by 
equations  (1-190)  and  (1-191),  in  which  it  is  necessary  to  substitute 
F(E)  for  ft  and  K ,  instead  of  Kt.  The  initial  transmission  factor  of 
cascade/stage  is  determined  from  expression  (1-192). 

For  the  realization  of  FAKh  in  the  diagrams  in  Fig.  16d,  f  must 

be  implemented  the  equality 

*»-!•  (1-238) 

where  for  the  amplifier  with  LAKh  d~mKa ,  for  the  amplifier  with  SAKh. 
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when  6  —  var  {  j  )  —  d  mm 

Then  the  initial  transmission  factor  of  the  amplifier,  made  on 
the  diagram  in  Fig.  164, 

K .  -  k.K,  +  k^K,  +  +  •  • :  +  K*  Jpi-  U*^9) 

Usually  kl»l.  The  values  of  the  resistors/resistances  of  divider 
are  calculated,  on  the  basis  of  formulas  (1-210)  and  (1-238). 


For  the  realization  of  LAKh  in  the  diagram  in  Fig.  16h  the 
equalities 


di\  Knt 


•1; 

^nl  1 
*« 


*1  1 
T  "I1 


•  •  •  I 


(1-240) 


must  be  implemented  since 


(1-241) 

In  this  case 

General/common/total  initial  transmission  factor  of  the 
amplifier 

-SS8*- v  <1*a42) 

i-i* 

In  the  implementation  of.  SAKh  in  the  diagram  in  Fig.  ISh  must  be 
satisfied  the  condition 
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Then 


Km 


v«i^n  ''■I 


“3T“^5; . A“n 


•  •  •  »  *««“  ''hi 


IV— | 

,0*- 


(1-243) 

(1-244) 


If  to  output  corrective  elements/cells  in  the  diagram  in  Fig. 

16h  cutoff  voltages  are  given,  then  the  amplitude  characteristics  of 
the  nonlinear  cascades/stages,  which  strictly  alternately  work  in  the 
functional  modes/conditions,  must  be  described  by  expressions  (1-20), 
(1-24)  and  (1-200).  Furthermore,  must  be  satisfied  condition  (1-76). 


Cutoff  voltages  must  be  equal  to: 

-/»<*.♦).  (1-245) 

For  the  fulfillment  of  equality  (1-200)  it  is  necessary  in  each 
cascade/stage  to  bound  output  effect  at  the  level  /<(*«).  using  for 
this  the  output  corrective  elements/cells. 

In  any  event  in  the  implementation  of  FAKh  on  the  diagram  in 
Fig.  16h  it  is  necessary  to  satisfy  the  following  condition:  the 
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initial  differential  transmission  factor  of  n  cascade/stage  b*n  must 
be  equal  to  final  differential  transmission  factor  k^t  previous 
(n-1)  cascade/stage,  i.e. 

=  6k*-,.  (1-246) 

Condition  (L-246)  is  satisfied,  if  the  equality 

Kmn  “  6lm_(,  (1-247) 

is  satisfied  since 

6.n  - 

Thus,  with  the  successive  work  of  nonlinear  cascades/stages  in 
the  diagram  in  Fig.  16h  initial  transmission  factor  of  the  n 
cascade/stage  must  be  equal  to  differential  transmission  factor  of 
(n-1)  cascade/stage  with  its  work  the  end  of  the  functional 
mode/conditions . 

The  value  of  coefficients  can  be  calculated  from  the  formulas 
for  b,  given  inTable  1,  when  x—x^  =*&,  where  d\—  dynamic  range  of 
FAKh  of  the  i  cascade/stage. 

Page  83. 

S6.  Method  of  the  repeated  use  of  a  functional  amplifier 
element/cell . 


Realization  of  FAKh  in  ShDD  on  one  functional  amplifier 
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element/cell  (FUE)  is  limited  to  the  dynamic  range  of  the  functional 
section  either  of  the  passage  characteristic  of  amplifier  instrument, 
if  the  function  of  amplification  and  formation  of  FAKh  perform  the 
nonlinear  amplifier  instrument  (UP),  or  the  nonlinear  element/cell, 
which  forms  FAKh.  FAKh  it  is  possible  to  obtain  in  ShDD  according  to 
the  method  of  repeated  use  of  one  FUE. 

Let  us  consider  essence  and  possible  methods  of  the  application 
of  this  method.  Let  us  assume  that  FAKh  of  amplifier  element/cell 
begins  and  is  finished  under  input  influences  u  and  Then 


Let  us  assume  that  the  effect  at  the  input  of  FUE  achieved  value 
For  a  second  time  and,  consequently,  also  it  is  repeated,  it  is 
possible  to  use  FUE,  if  when  it  is  abrupt:  1)  to  widen  the 

dynamic  of  the  amplifier  element/cell;  2)  to  change  the  level  of 
effect  at  the  input  of  FUE;  3)  to  decrease  the  differential 
transmission  factor  of  amplifier  element/cell. 

Some  possible  block  diagrams  of  the  application  of  the  method  of 
obtaining  FAKh  in  question  are  given  on  Fig.  22.  As  we  see,  signals 
can  enter  the  input  of  FUE  directly  (Fig.  22a)  or  through  the 
adjustable  cascades/stages  (RK,  Fig.  22b).  In  both  cases  in  parallel 
FUE  and  RK  are  connected  the  adjusters  (RU),  which  on  the  specific 
levels  of  input  effect  develop  controlling  voltages/stresses  Upi, 
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which  enter  on  FUE  or  on  RK,. 

The  mechanism  of  obtaining  FAKh  let  us  consider  on  the  block 
diagram  of  the  amplifier  Fig.  22b,  which  has  a  series/row  of 
advantages  and  is  more  spread.  With  a  change  in  the  effect  at  the 
input  of  FU  from  —  £*  to  E^E^  the  effect  at  the  input  of  FUE 
varies  from  v»  to  and  FUE  works  in  the  functional  mode/conditions. 

Page  84. 

On  the  level  of  effect  E2  adjuster  pyn  operates/wears  and  develops 
controlling  voltage/stress  U which  enters  adjustable  cascade/stage 
PKn.  The  transmission  factor  of  cascade/stage  PK„  is  reduced  in  m  of 
times.  If  m=d,  then  effect  at  the  input  of  FEU  is  equal  to  *«, 

With  further  increase  of  the  input  effect  of  the  amplifier  from 
Ej  to  Ej-E^1  FEU  works  in  functional  mode/conditions.  With  E3  effect 
at  the  input  of  FEU  reaches  At  this  moment  py^„  operates/wears 
transmission  factors  Wf„-i  is  reduced  m  times. 

Each  time,  when  the  input  effect  of  the  amplifier  reaches  value 
Ei—Eidt,  with  which  the  level  of  effect  at  the  input  of  FEU  is 
equal  to  *«.  operates/wears  py{  and  is  reduced  transmission  factor 
PKt  to  m  of  times. 
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If  there  are  n  adjustable  cascades/stages,  then  FEU  is  used  n+1 
times.  As  a  result  discontinuous  FAKh  is  obtained.  With  the  depth  of 
the  adjustment  of  each  cascade/stage  m=d  the  dynamic  range  of 
discontinuous  FAKh  is  determined  by  expression  (1-59). 


i»T«: 


[:1ml1 


IS® 


[Z3| 


Fig.  22.  Block  diagrams  of  amplifiers  with  discontinuous  FAKh. 
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Gain  control  in  PKi  is  equivalent  to  an  abrupt  change  of  the 
differential  transmission  factor  FU  as  a  whole  (Fig.  22a). 


In  the  case  of  the  block  diagram  Fig.  22a  controlling 
voltage/stress  must  change  either  differential  transmission  factor  of 
UP  or  dynamic  range  of  the  nonlinear  section  of  passage 
characteristic  UP  (in  the  absence  of  the  nonlinear  element/cell  (NE), 
which  forms  FAKh).  The, dynamic  range  of  passage  characteristic  can  be 
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expanded  by  an  increase  in  the  depth  of  negative  feedback  [56].  As 
can  be  seen  from  Fig.  22  FU  can  be  made  with  the  adjustment  forward 
(Fig.  22c,  d}  and  back/ago  (Fig.  22e)  upon  the  inclusion/connection 
RU  in  parallel  (Fig.  22c)  and  consecutively/serially  (Fig.  22e) . 
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Chapter  2. 

FUNCTIONAL  AMPLIFIERS  WITH  NONLINEAR  ELEMENTS. 

§  1.  Functional  amplifers  as  a  nonlinear  quadrupole. 

Amplifier  stage  can  be  the  simplest  functional  amplifier,  basic 

component  elements  of  which  are  amplifier  instrument,  load  and  power 
supply.  The  form  of  the  amplitude  characteristic  of  amplifier  is 
determined  by  the  parameters  of  each  of  the  elements/cells.  During 
the  appropriate  selection  of  power  supply  the  effect  of  the  latter  on 
the  form  of  FAKh  it  is  possible  not  to  consider.  Then  FAKh  in 
amplifier  stage  can  be  realized  due  to  the  nonlinear  properties  of  UP 
or  the  load  or  due  to  nonlinearity  of  both  elements/cells. 

Vacuum  tubes  and  transistors  are  basic  amplifier  instruments  in 
the  electronic  amplifiers.  If  electron  tube  with  the  sufficiently  low 
voltage  inputs  with  some  assumptions  can  be  considered  linear 
instrument,  then  transistor  according  to  the  character  of  the 
dependence  of  currents  on  the  stresses/voltages  is  in  principle 
nonlinear  device.  With  a  strict  approach  electron  tube  also  should  be 
considered  nonlinear  device  even  with  the  low  signals. 
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For  the  formation  of  FAKh  as  the  nonlinear  elements/cells  are 
applied  vacuum  and  semiconductor  diodes,  transistors,  and  also  their 
different  combinations  with  the  linear  resistance. 

In  the  general  case  of  one-stage  FU  it  is  possible  to  represent 
in  the  form  of  the  nonlinear  quadrupole  (Fig.  23),  the  characteristic 
parameters  and  load  of  which  depend  on  the  level  of  voltage  input  U*. 
We  analyze  amplifier  and  determine  how  loads  must  change  and  the 
parameters  UP  for  the  realization  of  required  FAKh. 

Page  87. 

Since  as  UP  in  essence  vacuum  tubes  and  transistors  are  applied,  for 
the  analysis  we  select  the  system  of  Y-parameters  [22,  87],  which 
makes  it  possible  to  utilize  the  detailed  theory  and  procedure  of 
calculation  of  vacuum-tube  circuits  for  the  transistor  amplifiers,  as 
a  result  possible  to  obtain  the  overall  dependences,  suitable  both 
for  the  electron-tube  and  transistor  functional  amplifiers;  the 
recording  of  fundamental  principles  for  different  amplifiers  in  this 
system  of  the  parameters  simplest;  all  parameters  are  measured 
comparatively  easily  and  sufficiently  simply;  the  parameters  clearly 
depend  on  those  factors,  which  substantially  affect  the  qualitative 
indices  of  amplifier;  in  the  transistor  amplifiers  Y-parameter  system 
relates  to  the  basic  most  widely  used  connection  of  transistor  -  with 
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the  general/common/total  emitter. 


In  Y-parameter  system  for  independent  variables  the 
stresses/voltages  accept  and  the  equation  of  network  are 
written/recorded  in  the  form 


“  YuUi  +  YltUt\  \ 

It  -  YuUi  +  YttUr  ) 

Being  based  on  works  [22,  56],  let  us  examine  Y-parameters  of 


(2-i) 


tube  and  transistor  and  will  set  between  them  interconnection  and 
analogy. 


The  equivalent  schematics  of  tube  and  high-frequency  diffusion 
transistor  [22]  are  given  in  Fig.  24.  With  some  assumptions  [22]  the 
diagram  in  Fig.  24b  is  suitable  for  the  drift  transistors. 
Subsequently  we  will  use  only  one  term  "high-frequency"  transistors, 
implying  diffusion  and  drift  transistors. 


Diagram  in  Fig.  24b  is  one  of  the  known  versions  of  equivalent 
diagrams,  but  it  has  a  number  of  the  deficiencies/lacks,  basic  from 
which  is  nonconformity  not  to  one  diagram,  which  escape/ensues  from 
the  theory  of  quadrupoles.  The  entering  it  values  do  not  yield  to 
direct  measurement,  but  the  controlled  current  is  expressed  as  the 
unknown  stress/voltage  on  the  emitter  junction. 


For  eliminating  the  deficiencies/lacks  the  diagram  must  be 
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converted  into  the  equivalent  schematic  of  quadrupole  in  Y-parameter 
system.  This  conversion  is  carried  out  in  work  [22].  In  this  case  the 
digital  indexing  of  Y-parameters  is  replaced  to  the  designations, 
which  open  the  physical  sense  of  Y-parameters,. 
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Fig.  23.  Functional  amplifier  as  nonlinear  quadrupole. 
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After  the  replacement  of  the  designations  of  the  equation  of  currents 
(2-1)  for  the  transistor  they  take  the  following  form: 

K  -  SUt  +  Y{Ut.  )  (  ) 

where  Y=Yia  -  input  admittance  of  transistor;  Voop  —  Ylt  -  conductivity 
of  feedback;  S=Yai  -  slope/transconductance  of  the  passage 
characteristic  of  transistor;  Yi  —  Yu  -  the  internal  conductance  of 
equivalent  generator. 

In  the  range  of  the  frequencies  the  conductivities  have  complex 
character  and  are  determined  from  the  formulas,  given  in  appendix  1. 
At  the  lowest  frequencies  all  conductivities  active,  do  not  depend  on 
frequency.  Them  can  be  expressed  as  the  usual  differential 
parameters: 

"  -^Ju8-oo«,« :  y^-o  -  ff4  “  ‘  (2-3) 

-  *-| 

U-shaped  equivalent  circuit  for  the  tube  and  the  transistor  in 


Y-parameter  system  are  given  in  Fig.  25. 
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Fig.  24.  Equivalent  diagrams:  a)  vacuum  tube;  b)  high-frequency 
transistor . 


Key:  (1).  Grid.  (2).  Anode.  (3).  Base.  (4).  Collector/receptacle, 
(5).  Cathode.  (6).  Emitter. 
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Comparing  the  equivalent  systems  of  amplifier  instruments ,  and  also 
equation  (2-2)  with  the  equations  of  the  grid  and  anode  currents  of 


tube  [56] 


/,  -  (Yc  +  a)Ue-Y,  eU»;  /.  -(S-Yi  o)Ua  +- 

+  (Yt  +  Yt.a)Ut,  (2-4) 


it  is  easy  to  set  the  analogy  between  the  transistors  and  the  tubes 
common  cathode  -  general/common/total  emitter;  common  grid  - 
general/common/total  base;  the  general/common/total  anode  -  common 
collector/receptacle  (Fig.  26). 
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Fig.  25.  U-shaped  equivalent  circuits  and  Y-parameter  system:  a)  for 
the  tube;  b)  for  the  transistor. 


Key:  (1).  Grid.  (2).  Anode.  (3).  Base.  (4).  Collector/receptacle. 
(5).  Cathode.  (6).  Emitter. 


Fig.  26.  Connections  of  tube  and  transistor  of  type  n-p-n  with 
general/common/total  ones:  a)  by  cathode;  b)  by  grid;  c)  by  anode;  d) 
by  emitter;  e)  by  base;  f)  by  collector/receptacle. 
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According  to  the  theory  of  quadrupoles  for  the  diagram  with  the 
common  cathode  we  find; 
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the  factor  of  amplification  of  cascade/stage  in  the 
stress/voltage 


s-y. 


Y.  a  +  V.  +  Y 


IW9 


input  admittance  of  the  cascade/stage 


y/  c 

■>  *  — r* 

0a 


C2-5) 


(2-6) 


the  output  admittance  of  the  cascade/stage 


(2-7) 


T--«.«Tyi|+yo+yi_al 

where  V^rp  load  admittance;  Yu  -  the  internal  conductance  of  the 
source  of  signal  (or  the  previous  cascade/stage). 


Replacing  for  the  conductivity  of  tube  1%,  Y%. 0,  S ,  y,  in 
expressions  (2.5),  (2.6),  (2.7)  respectively  by  values 
r 5  +  y0ai>»y’‘  —  yoop.  we  Obtain  expressions  for  determining  the 
parameters  of  common-emitter  connection 


Un 


0o 


L 
0 - 


y*+ w 

(2-8) 

Y-KY^-, 

(2-9) 

(2-10) 

Analogously  it  is  possible  to  obtain  expressions  for  the 
parameters  of  cascade/stage  at  the  inclusion/connection  of  UP  on  the 
diagram  with  the  general/common/total  ones  by  grid  and  the  base,  the 
anode  and  collector/receptacle  [22,  56].  The  given  formulas  are 
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suitable  for  calculating  the  parameters  of  amplifier  circuits  at 
strengthening  of  low  signals.  However,  it  is  possible  to  utilize  them 
for  calculating  the  diagrams  during  amplification  of  large  signals, 
if  we  consider  conductivity  changes,  which  occur  in  the  real 
amplifier  instruments  with  a  change  of  the  input  signal  in  ShDD. 

For  the  formation  of  FAKh  the  conductivities  must  change 
according  to  the  completely  specific  law.  Utilizing  expressions  (2-5) 
and  (2—8)  for  the  voltage  amplification  factors  of  the  most  widely 
used  diagrams  (with  the  common  cathode  and  emitter),  let  us  find  the 
required  law  of  conductivity  change  in  the  load  circuit  Y  =  /(£/„,  S)  in 
the  dynamic  s-band  the  account  a  change  in  slope/transconductance  S 
and,  on  the  contrary,  the  law  of  a  change  in  slope/transconductance 
S  =  ? (Uma.Y)  with  the  account  a  change  in  conductivity  Y. 
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For  the  vacuum-tube  amplifiers  the  effec  .  of  stray  capacitances  on 
the  medium  frequencies  can  be  disregarded/neglected  and  in  formula 
(2-5)  accepted  YV«—  0.  ■  Then  expressions  (2-5)  and  (2-8)  can  be 
written  in  general  form 


k 


rule*) 

TZ - 


(2-il) 


where  yM  —  S\  Y  —  Yt  +  -  for  the  vacuum-tube  amplifiers; 


i 
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Y\  +  Yturv  f or  the  transistor  amplifiers. 


Amplitude  characteristic  of  FU  is  described  by  the  expression 

Uva  -  — (2-12) 

Differentiating  equation  (2-12),  we  obtain 

b  .  ^=5  .  -U*ux  •  -srr—  +  (2-l3> 


where 


-Uxux  3^ 

9K 

y, 

Utilizing  expressions  for  the  differential  factor  of 
amplifications  b,  given  in  table  1,  and  equation  (2-13),  we  find 
required  dependences  Y  —  /(U„,Y„)  and  I'm  —  f(^«»  Y)  for  the 
realization  of  different  forms  of  FAKh. 


Since  the  course  and  the  general  solution  during  finding  of  the 
required  dependences  are  identical  in  the  implementation  of  any  form 
of  FAKh,  let  us  examine  the  course  of  solution  of  assigned  mission 
based  on  the  example  to  realization  of  LAKh. 

Substituting  the  value  differential  gear  ratio/transmission 
factor  for  the  amplifier  with  LAKh  to  equation  (2.13)  and 
disregarding  a  change  in  the  phase  of  output  stress/voltage  on  180°, 
i.e.,  omitting  minus  sign  in  expression  (2-12),  we  obtain  the 
following  differential  equation 

Y'u  +  Y'uY'Y-'  +  YnUZ!  -  MYUt!  -  0. 


(2-14) 
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We  find  dependence  S' *»/(#•«.  yu).  For  this  equation  (2-14)  we 
copy/rewrite  in  the  following  form: 

Y'  +  YP  (ff„)  +  Y*Q  (ff  ■)  -  0.  (2*15) 


where 
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P  {U u)  “  y11  ~  jj~  ’>  Q  (^m)  ■*  y  .,» 


iiwu 


Equation  (2-15)  is  the  Bernoulli  equation,  which  is  reduced  to 
the  linear  equation  during  the  introduction  to  new  variable  $=Y'1. 
The  general  solution  of  equation  (2-15)  is  written/recorded  in  the 
following  form: 

Bu  °« 

r -{«#»(  J  P(Un)du„)[  J 

V<i.i  I'm., 

u»* 

x  «rp  (  j  P  <ff„)  )dff„  +  C]}~  .  (2-10) 

uux.  m 

On  the  basis  of  initial  conditions  Y  —  Ym,  yw  —  Y»tm  when 
Un~Un.mive  find  integration  constant  C  —  IT1.  After  manufacturing 
integration  in  the  limits  from  Vn.  to  we  obtain  the  resultant 
expression 

y-y.I JL.i,  (2-17) 

fin  1 

where  y«  and  I'm*  -  initial  values  of  conductivities  Y  and  Y , y  with 
the  work  of  amplifier  in  the  linear  conditions. 


Solving  expression  (2-17)  relative  to  Y,lf 


we  find 
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and 

Laws  ( 2-17 )a( 2-18 )  general/common/total  and  are  valid  for  the 
realization  as  functional,  so  to  quasi-linear  of  the  modes/conditions 
of  the  work  of  amplifier  with  any  FAKh  with  the  substitution  of  the 
corresponding  expressions  for  the  standardized/normalized 
stresses/voltages  x  and  z. 

Conductivity  Ylt  is  slope/transconductance  S  of  the  passage 
characteristic  of  amplifier  instrument  and  changes  under  the  effect 
of  voltage  input,  while  conductivity  Y  -  under  the  effect  of  output 
stress/voltage . 

Page  93. 

Therefore  it  is  expedient  to  examine  the  dependences 

rw-r.  #(«>?<*>;  (2-i9) 

Yn  (x)  -  S  (x)  -  Sad>  (Y)  4  <*),  (2-20) 

s 

where  -  function,  which  characterizes  a  change  in  the 

slope/transconductance  in  the  dynamic  range;  <P(Y)‘**Jr-  -  function, 
which  characterizes  a  change  in  the  load  admittance  in  the  dynamic 
range;  <o( z)=x(z)/z  -  ratio  x/z,  expressed  in  the 

standardized/normalized  units  z;  \p(x)- z(x)/x  -  ratio  z/x,  expressed 
in  the  standardized/normalized  units  x.  The  functions  o(z)  and  \p(x)  , 
which  ensure  the  realization  of  different  types  of  FAKh,  are  given  in 
Table  5. 
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With  the  constants  to  slope/transconductance  S  -  SH  »  const  and 
load  Y:—  Ya  =  const  is  satisfied  the  condition  F(S)=1  and  F(Y)=1. 

Dependences  of  form  (2-19)  can  be  utilized  for  calculating  the 
amplifiers,  in  which  FAKh  is  realized  due  to  the  nonlinear  properties 
of  load  taking  into  account  nonlinearity  of  UP. 

Dependences  of  form  (2-20)  can  be  utilized  for  calculating  the 
amplifiers,  in  which  FAKh  realize  due  to  the  nonlinear  properties  of 
amplifier  or  due  to  the  intentional  change  in  conductivity  YJX 
(slope/transconductance  S)  taking  into  account  the  nonlinearity  of 
load  (or  the  nonlinearity  of  input  admittance  of  the  following 
cascade/stage) . 
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"Table  5. 


,Key:  (1).  Function.  (2).  Type  of  FAKh.  (3).  Functional.  (4). 

Quasi-1 inear .  (5).  Logarithmic.  (6).  Exponential.  (7).  No.  (8). 
Exponential . 

Page  94. 

S2.  Characteristics  and  the  parameters  of  amplifier  instruments  and 
nonlinear  elements/cells. 

The  realization  of  the  prescribed/assigned  form  of  FAKh  depends 
on  the  form  of  the  passage  characteristic  of  amplifier  instrument 
tma  ■■/(&•*)  and  current-voltage  characteristic  of  nonlinear 
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element/cell  ^  For  the  realization  of  FAKh  it  is 

necessary  to  know  the  basic  parameters  of  UP  and  the  nonlinear 
elements/cells:  the  slope/transconductance  of  the  passage 
characteristic  S  of  amplifier  instrument;  conductivity  or 
resistance  of  nonlinear  element/cell. 

During  the  development  of  diagrams  of  FU  it  is  sometimes  more 
convenient  to  operate  with  resistance,  since  in  the  catalogs  of  parts 
is  given  resistance,  but  not  conductivities. 


The  enumerated  parameters  of  real  instruments  change  with  a 
change  in  the  signal  and  have  the  different  value  under  the  influence 
of  different  signal  aspects.  Therefore  should  be  distinguished  three 
forms  of  the  parameters  indicated;  differential 

slope/transconductance,  conductivity  and  resistance,  which  can  be 
used  for  the  calculation  of  linear  amplifiers,  for  the  amplifier 
instrument 


S 


2TT' 


(2-21) 


for  the  nonlinear  element/cell 

1  ^IIM  . 

?M«  —  7} —  -  577 —  - 

Mil 


(2-22) 


average/mean  slope/transconductance  Se p,  conductivity  ;*«*.<?  and 
resistance  «p  during  strengthening  of  pulse  signal,  determined  by 


the  method  of  secant  (Fig.  27) 
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Si*' 


'cp 


if 


■u.  cp 


(2-23) 


(2-24) 


where  Ita  -  value  of  output  current  respectively  for  positive  and 
negative  pulse  pulse  signal  U*\  It* a  -  the  current,  flowing  through 
the  nonlinear  element/cell,  caused  by  the  effect  of  positive  or 
negative  pulse  signal;  average/mean  slope/transconductance, 
conductivity  and  resistance  in  the  amplitude  of  the  fundamental 
harmonic  of  the  output  current  of  amplifier  instrument  or  current, 
flowing  through  the  nonlinear  element/cell,  in  the  case  of 
strengthening  the  harmonic  oscillations 
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The  values  of  parameters  S,  f.».  depend  on  level  and  form  of 

the  amplified  signal  and  on  the  form  of  passage  characteristic  of  UP 
and  volt-ampere  characteristic  of  nonlinear  element/cell. 

Passage  characteristic  of  UP  can  be  represented  as  the  function 
of  output  (anodic,  collector)  current  from  control  voltage  »'  —  /(* T), 
which  can  be  referred  either  to  the  grid  (base),  or  to  the  anode  (to 
the  collector/receptacle). 
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Fig.  27.  Approximation  of  the  passage  characteristic  of  amplifier 
instrument  by  the  polynomial:  a)  the  second  degree;  b)  the  third 
degree . 
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Approximation  of 

0 
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volt-ampere  < 

:haracterist ic. 

II) 

00  wp»  U  <Ut 

•no-aj—1  °>°» 

( 2) .  Differential 

slope/transconductance.  (3).  Reverse/ inverse  ampere-volt 
characteristic.  (4).  Differential  resistance.  (5).  Poly-nominal.  (6) 
Exponential  (semiconductor  diode,  transistor).  (7). 

(vacuum-tube  diode,  tube).  (8).  Exponential.  (9).  Hyperbolic  tangent 


(10).  piecewise-parabol ic .  (11).  with. 
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Is  greatly  extended  the  determination  of  the  current  through  the 
control  voltage  of  grid  (base),  which  is  equal  to: 

for  the  vacuum  triodes 

t7  -  U<  +  DUi,  (2-27> 

for  the  transistors 

eT  -  U.  a  +  DUul  (2-28> 

for  the  tetrodes 

_  «,-?•  +  DXU  oa  +  DxDtU,i  (2-29) 

for  the  pentodes  ^ 

ty  ■■  Ua  +  D{U om  +  DlDtU<ti  +  DtDtDtU»,  (2*30) 

where  Dlf  D,,  D,  -  permeability  respectively  on  the 

controlling/guiding  (the  first),  shielding  (the  second)  and  shielding 
(the  third)  grids;  D  -  permeability  on  the  control  electrode  of 
triode.  Formula  for  determining  of  D  for  the  transistor  is  given  in 
Appendix  2. 

Products  D^,  and  DtDjDj  are  so  low  that  for  the  tetrodes  and 
the  pentodes  it  is  possible  to  count 

er  -  U9  +  DiUta  xsU,.  (2-31) 

Dependence  <  — /(«T)  for  real  UP  is  nonlinear.  The  most  widely  used 
functions,  by  using  which  it  is  possible  to  sufficiently  accurately 


DOC  =  83138005 


page  /£/ 


approximate  the  volt-ampere  characteristics  of  nonlinear 
elements/cells,  are  given  in  Table  6.  The  same  table  gives 
expressions  for  the  differential  values  of  the  slope/transconductance 
(conductivity)  of  characteristic  and  internal  resistance  of  nonlinear 
element/cell . 

The  possible  approximation  methods  of  the  characteristics  of 
nonlinear  elements/cells  are  in  sufficient  detail  examined  in  the 
work  of  the  Soviet  [4,  5,  23,  31,  32]  and  foreign  [74,  92,  107] 
authors.  Should  be  especially  noted  generalizing  work  [5].  However, 
in  these  works,  besides  [23],  is  not  examined  average/mean  steepness 
of  the  characteristic  and  average/mean  conductivity  of  nonlinear 
element/cell.  Therefore  it  is  necessary  at  least  to  briefly  examine 
the  most  widely  used  methods  of  approximation,  to  estimate  these 
methods  from  the  point  of  view  of  convenience  in  the  analytical 
determination  of  average/mean  slope/transconductance  and  to  find  the 
analytical  expressions,  which  are  determining  the  dependence  of  the 
average/mean  slope/transconductance  of  passage  characteristic  of  UP 
on  the  value  of  pulse  and  harmonic  signal,. 

POLYNOMINAL  APPROXIMATION. 

The  polynomial  of  the  n  degree,  which  approximates 
characteristic,  in  the  convoluted  form  can  te  written 
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i  -  S  *»Uk,  (2-32) 

k-0 

where  n  -  degree  of  polynomial;  *k-  -  coefficient,  which  has 
dimensionality  (a  •  k  -  number  of  component/term/addend. 

Page  98. 


It  is  possible  to  approximate  characteristic  with  any  given 
precision/accuracy  by  the  polynomial  of  the  n  degree.  The 
precision/accuracy  of  approximation  grows/rises  with  an  increase  in 
the  members  of  polynomial.  Into  expression  (2-32)  it  enters  n+1 
coefficients  «».  whose  value  can  be  selected  so  that  the  approximate 
and  precise  values  of  currents  would  coincide  at  n+1  points,  called 
interpolation  points.  If  interpolation  units  *o.  «j.  e*  are  selected 
arbitrarily,  dependence  f  —  /(ev)  can  be  written  in  the  form  of  the 
interpolation  polynomial  of  Lagrange  [34] 

"*(««  —  ««)  •  •  •  («k  —  «k-J  («k  “  «k+i)  —  «n)  ’  ^  ' 


where  -  value  of  current  in  the  k  interpolation  unit  when  «~«k* 
The  zero  unit  e0  can  be  selected,  also,  when  «y— 0. 


With  even  pitch  of  interpolation 

A**  —  «k  —  «k_i  “  ^k+i  *“  «k+i  —  en  ™  const 

interpolation  polynomial  can  be  written  in  the  form  of  the  Newton 
polynomial  [24] 
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t  -  i  (*.)  +  £ (• - *«) (*  - et  -  Am)  . . .  [(«  -  «, k  -  1 )  A#|, 

(2-34) 

where  -  k  difference,  which  linearly  is  expressed  as  the  values 

of  current  in  the  interpolation  points  *’*  with  the  aid  of  binomial 
coefficients  C" 

k 

«%— <1 

As  can  be  seen  from  expressions  (2-33)  and  (2-34),  the 
polynomials  of  Lagrange  and  Newton  are  not  polynomials  according  to 
degrees  therefore  the  dependence  of  ayerage/mean 
slope/transconductance  S,*  on  control  voltage  5cp=-/(ey)  cannot  be 
written  analytically.  Furthermore,  •  for  obtaining  the  high 
precision/accuracy  it  is  necessary  to  take  a  sufficiently  large 
quantity  of  interpolation  units,  which  leads  to  the  polynomial  of 
high  degree.  However,  with  a  number  of  terms  more  than  three-four 
mathematical  analysis  of  FU  sharply  become  complicated. 

The  degree  of  polynomial  can  be  lowered  during  the  determination 
of  the  coefficients  of  the  polynomial  in  the  method  of  least  squares, 
which  leads  to  the  solution  of  the  system  of  canonical  equations. 
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In  work  [31]  it  is  proposed  instead  of  the  direct  solution  of 
canonical  system  of  equations  to  solve  the  system  of  orthogonal 
polynomials,  which  possesses  the  positive  property,  that  with  the 
expansion  in  terms  of  them  of  any  function  the  best  approximation  in 
the  sense  of  the  least  squares  is  obtained.  However,  in  this  case 
approximated  that  is  not  expressed  explicitly  analytical  depending  on 
control  voltage  therefore  dependence  <S«p  —  /(«T)  cannot  be  written 
analytically  also. 

It  is  easy  to  find  this  dependence,  if  for  determining  the  terms 
of  polynomial  to  use  the  expansion  of  function  (*», j  +  .  in  the 

Taylor  series,  according  to  degrees 

t  («r  •  +  A**)  - 1  («?• «)  +  (s*)^  a  +  Jf  (S)^  ^  +V>  ’ 

+  ^  +•••*“  +  7^i»  ■+*..,+*  (2-35)'  . 

where  —  -  the  voltage  input  of  signal;  a=S;  /3=0-/2 ! ) S '  ; 

7*(1/3!)S";  ...,  S,  S',  S"  -  slope/transconductance  and  its  derived 
characteristics  i(*r)  at  point 

A  relative  value  of  separate  members  and  their  number  in 
seri-es/row  (2-35)  with  the  prescribed/assigned  precision/accuracy  of 
approximation  are  determined  by  the  position  of  operating  point  on 
the  characteristic  of  UP  and  by  the  maximum  value  of  voltage  input. 
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If  operating  point  on  characteristic  is  arranged/located 
asymmetric,  when  to  the  positive  increases  correspond  increases 
in  the  output  current  greater,  than  negative  ones,  in  the  series/row 
it  suffices  to  consider  three  members.  In  this  case 

<uis  *■  in  +  as  4*  pf^a**  (2-36) 

In  equation  (2-36)  the  coefficient  /3  is  unknown,  which  can  be 
determined  as  follows.  For  maximum  positive  input  signal  the 

steepness  of  the  characteristic  at  point  M  (Fig.  27a)  is 

determined  graphically.  Then  the  is  performed  identity 
(■Jr-)  ■»  <?«  ■■  *  4-  2(1# +  2 «.  h. 

m  aux.  ac 

Page  TtlO 

Whence 

(2-37) 

and  equation  (2-36)  can  be  written 

Ws  •  4  4-  u+^i  ^ — —  U\xt  (2-38) 

^■X.  If 

where  5,  -  slope/transconductance  at  point  H  when  er 

Differential  slope/ transconductance 

(2-39) 

. 

where  q  n — • 


Pulse  positive  signal. 
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/U> 


where  —  I**.  ■  -  increase  in  the  output  current,  caused  by 

pulse  positive  signal;  <P(5+)  —  *  +±^lq)  -  function,  which 

characterizes  a  change  in  the  steepness  of  the  characteristic  in  the 
dynamic  range. 


Pulse  negative  signal.  Analogously  we  obtain 


(2-41) 


where 


<P(S-)-l  — 

Harmonic  signal  (7«* «■  Umco*uU.  ,  Substituting  in  equation  (2-38), 


we  obtain 


where 


ima  —  /n  +  /m,COS«tt<  ■+-/*,  CO»  2utf, 

7  —  <  1  £? .  I-1  . 

*  a  •  *•  ~r  T  y  , 

'  w  II.  H 

U  -  SnUmi 
T  '  Z7 - 

’  WU.  M 


(2-42) 

(2-43) 

(2-44) 

(2-45) 


respectively  constant  component  and  the  amplitude  of  the  first  and 
second  harmonics  of  output  current. 
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Average/mean  slope/transconductance  in  amplitude  /«, 


*■  “  Sm  “  COMl 


(2-46) 


1 
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is  constant  value  and  does  not  depend  on  input  signal  level. 


Standardized/normalized  dependences  0(S*)«»/(g)  for  the  positive, 
the  negative  and  the  harmonic  of  input  signals  at  the  different 
values  77  are  given  in  Fig.  28a.  In  the  particular  case  with  n=4 

If  operating  point  is  established/installed  on  the  middle  of 
symmetrical  characteristic  (Fig.  27b),  then  even  degrees  in  the 
decomposition/expansion  drop  out  and  characteristic  can  be 
approximated  with  the  aid  of  the  polynomial,  which  contains  only  the 
odd  degrees 

t,ux  *■  4-  -f-  +  UTj,  +  •  •  •  (2-47) 


For  guaranteeing  the  mathematical  analysis  it  is  possible  to  be 
restricted  to  the  polynomial  of  the  third  power 

('■hi  tm  +  u  +  ,  (2-48) 

Characteristic  corresponding  to  this  approximation  is  shown  by 
prime  in  Fig.  27b. 
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Fig.  28.  Graph/diagrams  of  dependences  F(S)=f(q)  with  the 
approximation  of  characteristic  of  UP  by  the  polynomial:  a)  the 
second  degree;  b)  the  third  degree. 
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In  expression  (2-48)  the  coefficient  y  is  unknown,  which  can  be 
determined  as  follows.  According  to  the  objective  parameter  the  value 
of  saturation  voltage  U^a,  is  determined  at  which  the  steepness  of 
the  characteristic  is  equal  to  zero  (Fig.  27b).  In  this  case  the 
identity 


VjS 


a  +  ZyUja  -»0, 


is  performed  whence 


30‘ya 


(2-49) 


Substituting  the  value  y  into  formula  (2-47),  we  obtain 
{mi  “  +  SuU m  j  i  (2-50) 


where 
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since  #»«.*  —  Uya. 

Differential  slope/ transconductance 

S  -  -  s.  (1  -  q*)  -  Sm<P  ( S ).  (2-51) 

Since  the  characteristic  is  symmetrical  relative  to  working 
point,  average/mean  slope/transconductance  changes  equally  for  the 
positive  and  negative  pulse  of  the  signals 

35*  -  $■  ( 1  Hr)  -  Su*  (<s*).  (2-52) 

With  the  harmonic  signal  expression  (2-50)  takes  the  form 
W  “/»  +  /*,  coa  +•  /m,  coa  3<u<f  (2-53) 

where  respectively  constant  component  and  amplitudes  of  the  first  and 
third  harmonics  of  output  current  are  determined  by  the  expressions: 

7»  -  (2-54) 

/«.  -  SnUm  ( 1  —  ;  (2-55) 

Im.  -  jfj- .  (2-56) 

Average/mean  slope/transconductance  in  amplitude  Imt 
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Plotted  functions  <P*  for  the  present  instance  are  depicted  in 
Fig.  28b.  The  approximation  of  objective  parameter  is  permitted  by 
the  polynomial  of  third  power  (Fig.  27b)  with  qSl.  From  the  graph 
Fig.  28b  shows  that  with  qS0.4  change  S#1  does  not  exceed  5%,  and 
•Sepi— 4%,  with  qS0.4  amplifier  instrument  can  be  considered  virtually 
linear. 

EXPONENTIAL  APPROXIMATION. 

By  exponential  function  of  the  form 

i  -  <,expTer  (2-58) 

where  i,  -  current  when  *r~0'»  7  ~  coefficient,  whose  value  varies  in 

limits  of  5-10  V*1,  sufficiently  accurately  it  is  possible  to 
approximate  the  characteristics  of  vacuum  devices  (diodes, 
multielectrode  tubes)  with  the  negative  voltages  on  control 
electrode. 

Let  us  pause  at  the  mathematical  description  of  the  objective 
parameters  of  semiconductor  devices  (transistors  and  diodes)  and 


-*  j  «<  /  V, 
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their  approximation. 


Transistor  is  inertial  UP,  since  the  charge  carriers  in  the 
region  of  base  are  moved  with  finite  time.  Disregarding  the  inertial 
properties  for  planar  type  germanium  transistors,  for  which  it  is 
possible  to  consider  that  the  admixtures/ impurities  in  the  base  are 
distributed  evenly,  and  the  geometry  is  close  to  parallel, 
volt-ampere  characteristics  when  Un.  a>0.5  Vin  according  to  works  [42, 
66]  have  the  following  mathematical  recording: 

/,  -  A,  •“'«'«*  — 11;  (2-59) 

/,  —  A,  —  lj;  (2-aoy 

U  -  A0  [«“"•■  _  i  j,  (241) 

where  A*  Ak,  A<,  -  coefficients,  which  have  the  dimensionality  of 
current  and  being  the  functions  of  the  properties  of  the  material, 
from  which  the  transistor,  and  its  geometries  is  prepared;  l-'jy  - 
coefficient;  q  -  electron  charge;  k  -  Boltzmann  constant;  T  - 
absolute  temperature;  'o  -  distributed  resistance  of  base.  At  a  room 
temperature  t=+20°C  X*0.025  V1. 
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The  input  characteristic  of  the  transistor,  connected  on  the 
common-base  circuit,  is  described  by  expression  (2-59),  by  expression 
(2-61)  -  the  input  characteristic  of  the  transistor,  connected  on  the 
diagram  with  03,  and  (2-60)  -  passage  characteristic  of  the 
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transistor,  connected  both  on  the  diagram  with  03  and  with  OB. 


Since  for  the  transistor  the  equality 


/a  ™  /» —  /k  (1  ~  *a)»  (2-82) 

is  implemented  where  cl,  =>  and  =  r-^—  -  static  current 

A/#  AV  o  1  —  «• 

amplification  factors  with  respect  to  common-base  circuits  and 
emitter  with  the  short  circuit  at  the  output,  it  is  possible  to 
register 


Ac  =“  (1  —  a*); 

*  AcB. 


(2-03) 

(2-04) 


The  values  of  coefficient  a0  and  resistor/resistance  ra  for  the 
junction  transistors  of  different  types  vary  in  the  sufficiently  wide 


limits.  For  the  high-frequency  transistors  of  types  P401-P403,  P4ll, 
A*  is  within  limits  of  (  0 . 5-2  )•  10“*  a  and  resistance  ro 
P415,  P416,  P418Zh  the  value  of  coefficient  can  have  a  value  from 

n 

30  to  300-500  ohms. 


The  volt-ampere  characteristic  of  semiconductor  diode  is 
hack-written  by  the  dependence,  analogous  ( 2-59 )-( 2-61 ) 

ima  *  A  (eMW  «•*“**•*'■'  _  i  jf  (2-05) 

where  r  -  volumetric  resistor/resistance  of  semiconductor.  Expression 
(2-59),  (2-60),  (2-61)  and  (2-65)  transcendental  ones,  from  cannot  be 
used  directly  for  calculating  the  average/mean  values  of  parameters 
S,  gm,»  and  /?*«*.  According  to  the  given  expressions  it  is  possible  to 
determine  only  the  differential  parameters.  Using  expression  (2.65), 
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let  us  consider  two  cases: 

1.  Current  is  small  and  is  fulfilled  inequality 

Then  U uea- 

{’•U  ^  ®*P  km  —  1). 

Differential  slope/ transconductance 

S  «  ^  as  )Um„.  (2-60) 

2.  Current  <u*  is  great  it  is  implemented  inequality 

exp  (1  {Umm  —  >  1-  Then 

JbM  ■■  ^  ®*P  (1  (f^MI  “  (2-87) 
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We  take  the  logarithm  of  expression  (2-67)  and  solve  relatively 

U au  "*  lawC  4-  y  (lO  —  la  /l). 

We  find  the  partial  derivative 


r  -  ,  * 

'*■  r+iur:’ 


(2-88) 


Hence  we  obtain  the  value  of  differential  slope/transconductance 
(or  input  admittance) 


rau  l 


(2-69) 


If  we  into  expression  (2-60)  substitute  /0  —  -~  and  to  designate 

0 
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-y-~a  for  the  passage  characteristic  of  the  transistor,  connected  on 
the  diagram  with  03,  we  will  obtain 


S 


V H 

1  +  Wk' 


(2-70> 


For  facilitating  the  calculation  of  the  average  parameters  and 
analysis  of  nonlinear  diagram  each  of  expressions  (2-59),  (2-60), 
(2-61)  and  (2-65)  is  expedient  to  replace  with  the  approximating 
function  of  the  form 

(2-71) 

or  form  ( 2 -58 ) . 


For  transistors  £7  —  i/*o.  for  diodes  U  The  value  of 

coefficients  of  i,  and  7  can  be  determined  in  the  experimentally 
taken/removed  characteristic.  For  this  it  is  necessary  to  assign  two 
values  of  current  i  4  and  <•  also,  according  to  the  experimental 
characteristic  i=/(£0*  to  determine  the  values  of  U4  corresponding  to 
them  and  U,.  According  to  expression  (2-58) 

i4  -  tt  a 


Solving  equations  relatively  7  and  i0,  we  obtain 


t  1x1  ^  •  *• 


W>- 


The  value  of  differential  slope/transconductance  is  given  in 
Table  6.  Initial  value  of  slope/transconductance  when  £7M  —  0 


Sn 


0/<*> 

Um  SO  "  «. 

“Uu.J 


(2-72) 
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Then  average/mean  slope/transconductance  for  the  positive  and 

negative  pulse  signals  with  given  one  «y  ■  according  to  Fig.  27 

s 

1  =*  ^77^  ( ±  T  1)  »  sud>  (, s *).  (2-73) 

As  can  be  seen  from  expression  (2-73)  average/mean 
slope/transconductance  with  an  increase  in  the  positive  signal 
increases  and,  on  the  contrary,  it  is  reduced  for  the  negative 
signal . 

With  harmonic  signal  U%x^Umca»*at 

iwa  “  i,|exp7 (tr.  a  +  Um cos  art)  —  1]  »  i, |eT*T-  ■aio* «•  <* —  1  j. 

Factor  with  is  the  function  of  form  s***-1,  which  is 

expanded  into  series  according  to  the  functions  of  3essel  of  the 
imaginary  argument 

J9(Jx)  -h  2%  Jn  (]x)  coa  n  uU.  (2-74) 

nmml 

Then 

iuu  -  vi* y-  ■  l/»  0*)  4-  2  2  /„  0*)  cos  n  urt  —  1]. 

After  developing  this  series/row,  we  obtain 

ilia  —  /n  +  /mi  COSO U  ■+■  / m  cos 2u><  -f  ...  ,  (2-75) 

where  dc  current  component 

/ a  -  4Ie>*7  *J9{]X)  —  1);  (2-78) 

the  amplitude  of  the  fundamental  harmonic  of  the  current 
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j'lJx(jx)  -  the  modified  function  of  first-order  Bessel;  x  =  i U„ 


It  is  known  that 


(f)" ,  a r  t  (i)’ 


K  (x)  -  rlJ  <jx)  =  r  („'+ 1)  +  r,v+2) +  arJ«+3) + 


( 

f) 

2»» 

1 

(t 

ir<2/») 

rlAU*)»  7  +  -J-+  2i3T+-** 


+ 

(2-78) 

(2-79) 
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After  substituting  expression  (2-79)  in  (2-78)  taking  into 
account,  that  we  obtain 

Aim  ■*  +  |T2»  +  •••]•  (2-80) 

Average/mean  slope/ transconductance 

^  «  [t  -f-  7-jr~  +  +  •  •  •  ]  ■  (2-81) 

Taking  into  account  (2-66),  we  obtain 

+  J-nJ-h  •••).  (2-82) 

For  the  contemporary  transistors  the  value  of  coefficient  7  can 
oscillate  from  5  to  40  (ideal  transistor,  which  has  r6  —  0).  Therefore 
the  calculation  of  slope/transconductance  according  to  formula  (2-82) 
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n<t 


is  sufficiently  precise  with  the  limited  number  of  terms  only  for 
small  amplitudes. 


With  large  amplitudes  (x>n)  instead  of  series/row  (2-78)  it  is 
possible  to  use  the  asymptotic  expression 


,.w_ -iiizilH. 


V  *-0 


*i  (2*r 


(2-83) 


where  in  the  numerator  by  brackets  with  index  k  are  designated  the 
products  of  form  (P)u -/>(/>+  1)  ...  (/>  +  *  —  1),  p,  - 1.  Since  *-7 in 
expression  (2-83)  it  is  possible  to  be  bounded  by  two-three  members 

r  /-v_.  N  ,  l-**1  .  (1  —4**)  (0  —.4m1)  ,  1 

/n(  +  +  J - Tip? - +  •••]• 

Then  for  the  amplitude  of  the  fundamental  harmonic  of  current 
and  average/mean  slope/transconductance 

r  _  1.*** 7-  Ml17"  I.  3  3.5  ^ 

m  (2^> 

c  L  3  3-5  \  _ 

ep‘ - (SmF'Vn  <«*> 

When  7C/m>l  in  expression  (2-84)  all  terms  in  the  brackets  in 
comparison  with  one  can  be  disregarded/neglected.  Then 


(«T,  ,  +  C?,)| 


(2-86) 
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Average/mean  slope/ transconductance 
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Amplifier  instrument  with  the  exponential  characteristic  can  be 

considered  linear  with  satisfaction  of  the  condition 

T  Um  <  0,1. 

Consequently,  with  7=10-40  transistor  can  be  considered  linear 
amplifier  instrument  with  um  <  (10-+-2.5)  mV. 


Approximation  of  passage  characteristic  of  UP  by  the  hyperbolic 
tangent  i=I « ( 1+tgqU) . 


In  work  [36]  it  is  shown  that  sufficiently  well  it  is  possible 
to  approximate  the  characteristics  of  a  considerable  number  of  types 
of  tubes  by  hyperbolic  tangent  (Pig.  29). 


Differential  slope/ transconductance 


S  = 


di 


(2-88) 


Average/mean  slope/transconductance  for  the  negative  pulse 
signal  according  to  Fig.  29 


cH— )  /»  |Ul  qlfc  H  tl»  «/  ( C/ 0  H  yM)l 

“  Tj —  - u - 1 

U  MX  V  HX 


for  the  positive  signal 


%v~ 


tv,1 
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After  conversions  we  obtain 


_____ 

0P  =  Uxx  '  ci*  9^0.  u  cl* 1?  (tfo.  u  ±  ^  M)l 


Ht)  _  ^0 

—  77 —  * 


(2-89) 


Initial  slope/ transconductance  when 


O  _  1!_-  _  B MX  /q 


(2-00) 


Talcing  into  account  Sa  when  /BX-*.o  finally  we  obtain 


S H  ah  eh  ?£/e  , 

^  U,XC* q(U^  t±uny 


(2-91) 


Page  109. 

With  the  harmonic  signal  it  is  not  possible  to  obtain 
single-valued  mathematical  recording  for  the  average/mean 
slope/transconductance.  Therefore  it  is  expedient  from  formula  (2-87) 
to  first  calculate  dependence  and  then  -  dependence 

The  determination  of  average/mean  slope/transconductance  under 
the  influence  of  harmonic  signal  with  the  polygonal  approximation  of 
characteristic  is  examined  in  work  [23]. 


-.-.i 

"4 
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In  the  case  of  complicated  characteristic  and  harmonic  signal  it 
is  not  possible  to  obtain  single-valued  mathematical  recording  for 
the  average/mean  slope/transconductance.  Then  the  amplitude  of 
current  /ml  can  be  calculated  graph-analyt ically  from  the  method  of 
five  ordinates 

H+Un)-I(-UJ  + 

+  (2‘92>' 

for  the  characteristic,  asymmetric  relative  to  operating  point,  or 

/ml=4[/(tfw)  +  /(|ffm)]  (2-93) 

for  the  characteristic,  symmetrical  relative  to  operating  point. 
Through  / (+UJ-,  /(— +  and  /f—  ?Um)  are  designated  the 

currents,  which  correspond  to  positive  and  negative  amplitudes  of 
voltage/stress  and  to  their  halves. 

Average/mean  slope/transconductance  is  calculated  from  formula 
(2-25).  expressions  (2-92)  and  (2-93)  are  valid  with  any  form  of  the 
approximation  of  characteristic  UP. 

We  found  expressions  for  determining  the  slope/transconductance 
of  the  passage  characteristic  of  inertia-free  UP,  whose  amplifier 
properties  do  not  depend  on  frequency.  During  the  calculation  of 
mutual  conductance  of  low-frequency  gauge  it  is  necessary  the 
obtained  expressions  for  scp  to  multiply  by  the  frequency  factor  m, 
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where 


’op.  ■ 


'Scpin, 


(2-94) 


(2-95) 


Sep.*.*-"  the  value  of  average/mean  slope/transconductance  at  the  low 
frequency;  <*>»*—  the  cut-off  frequency  of  UP,  at  which  average/mean 
slooe/transconductance  is  reduced  V2  once. 


DOC  *  83138006 


PAGE 


m 


Fig.  29.  Approximation  of  characteristic  by  hyperbolic  tangent. 

Page  110. 

One  of  the  fundamental  parameters  for  the  nonlinear  element/cell 
is  average/mean  conductivity  or  resistor/resistance,  determined  from 
formulas  (2-24)  and  (2-26).  As  the  nonlinear  elements/cells  use  in 
essence  the  diodes,  whose  volt-ampere  characteristic  is  approximated 
by  exponential  curve.  However,  supplying  on  the  diodes  the  locking  or 
triggering  voltage  and  including  them  in  different  combinations 
together  with  the  linear  resistors/resistances,  it  is  possible  to 
obtain  the  most  diverse  forms  of  volt-ampere  characteristics  and, 
consequently,  also  different  laws  of  a  change  in  their  conductivity 
and  resistor/resistance. 

Let  us  agree  the  combination  of  nonlinear  element/cell  (diode) 
together  with  the  linear  resistors/resistances  to  call  the  equivalent 
nonlinear  element/cell  (ENE),  and  the  dependence  of  the  value  of 
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prompt  current  t-.,  «=*/ (UHtn  9),  flowing  through  the  nonlinear 
element/cell,  then  the  values  of  the  voltage  of  signal  uMa.c>  of  that 
applied  to  the  nonlinear  element/cell,  to  call  dynamic  volt-ampere 
characteristic. 

Possible  diagrams  of  ENE  are  given  in  Fig.  30a,  b,  c,  d  -  ENE 
with  the  asymmetric  characteristics  (Fig.  31a  for  Fig.  30a  and  b);  e, 
f  -  ENE  with  the  symmetrical  character ist ics (Fig .  31b). 

Let  us  agree  ENE,  shown  to  Fig.  30a,  b,  e  and  their 
characteristics,  to  call  1  types  ENE,  and  ENE,  given  in  Fig.  30,  c, 
d,  f,  and  their  characteristic  -  2  types. 
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Fig.  30.  The  diagrams  of  the  equivalent  nonlinear  elements/cells:  a, 
b,  c,  d  -  asymmetric;  e,  f  -  symmetrical;  a,  b,  e  -  first  type;  c,  d, 
f  -  second  type. 

Page  111. 

In  the  diagram  in  Fig.  30f  working  diode  for  the  positive  signal 
is  Ai,  and  for  negative  A,.  Diodes  can  be  connected  by  the  reversed 
polarity.  Then  the  triggering  voltage/stress  must  be  negative.  The 
methodology  of  the  construction  of  dynamic  characteristics  of  ENE  is 
in  detail  examined  in  the  work  of  the  author  [7,  8]. 

The  form  of  characteristics  of  ENE  can  be  changed,  changing  the 


values  of  that  locking  u ,  or  triggering  of  voltages/stresses,  and 
also  resistors/resistances  R„  and  R connected  respectively  in 
parallel  and  in  series  with  nonlinear  elements/cells  [7]. 
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It  is  obvious  that  ENE  with  the  asymmetric  characteristics  one 
should  apply  for  the  formation  of  FAKh  during  the  amplification  of 
single-pole  pulse  signals,  and  ENE  with  the  symmetrical 
characteristics  -  for  the  formation  of  FAKh  during  the  amplification 
of  bipolar  pulse  and  harmonic  signals. 

Differential  and  average/mean  conductivities  of  ENE  with 
different  approximations  of  volt-ampere  characterist ic  can  be 
calculated  from  the  appropriate  formulas  for  the  differential  and 
average/mean  slope/transconductance  of  passage  characteristic  of  UP. 


DOC  *  83138006 


2 -a  u°i 


M| 


'IliW 


Fig.  31.  Dynamic  volt-ampere  characteristics  of  ENE:  a)  asymmetric; 
b)  symmetrical. 


Key:  (1).  1st  type.  (2).  2nd  type. 


Page  112. 


S3.  Functional  amplifiers  with  the  nonlinear  elements/cells  in  the 
load  circuit. 


As  can  be  seen  from  expression  (2-19),  FAKh  can  be  realized  upon 
the  inclusion  of  nonlinear  element/cell  into  the  load  circuit  both  of 
aperiodic  and  selective  electron-tube  or  transistor  amplifier  stage. 
However,  FAKh  in  the  broad  dynamic  band  with  the  help  of  one 
cascade/stage  in  practice  cannot  be  realized,  it  is  possible  to 
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realize  it  in  the  multistage  amplifier.  With  series  connection  of 
cascades/stages  and  shunting  of  loads  by  nonlinear  elements/cells  [7] 
in  selective  FU  it  is  expedient  to  apply  cascades/stages  with  the 
single  ducts/contours  or  the  two-circuit  filters,  tuned  also  for  one 
frequency. 


The  essence  of  realization  of  FAKh  is  identicaL _lor  all 
amplifiers.  Therefore  for  the  analysis  of  FU  we  use  a  more  overall 
equivalent  diagram  of  resonance  UK,  given  in  Fig.  32. 
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Fig.  32.  Equivalent  diagrams  of  resonance  FU  of  voltage/stress  with 
the  load,  shunted  by  the  nonlinear  element/cell:  a,  b)  complete  and 
convoluted  the  schematic  of  tuned  amplifier;  c)  the  convoluted 
schematic  of  the  resonance  and  aperiodic  amplifiers  for  the  region  of 
medium  frequencies;  g2  and  g2  -  input  in  output  conductance  UP; 
conductivity  of  anodic  (or  collector)  resistor/resistance  for  the 
aperiodic  amplifier  or  resisting  the  shunt  for  the  tuned  amplifier: 
*o,-  the  equivalent  conductivity  of  losses  in  the  oscillatory 
circuit;  *a-  conductivity  of  the  resistors/resistances  of  feed 
circuit  in  the  case  of  the  transistor  amplifier:  the 

conductivity  of  nonlinear  element/cell;  Cx  and  C2  -  input  and  output 
capacitances  of  UP;  c-—  wiring  capacitance;  c^,-  further 
capacity/capacitance;  +«8 *, -  general/common/total  load 

admittance  without  taking  into  account  the  conductivity  of  nonlinear 
element/cell;  c-c,+ c-+cw)n+c1-  capacity/capacitance  of  oscillatory 

circuit. 
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General/common/total  load  admittance  of  the  cascade/stage 

t  ■  it  +  fa*  (2-96) 

With  the  work  of  cascade/stage  in  the  linear  conditions 

t*  -  *•  +  fa*  »  (2-87) 

FAKh  of  amplifier  usually  remove/take  at  the  resonance  frequency 
for  the  selective  amplifiers  or  at  the  quasi-resonance  frequency, 
which  lies  at  the  region  of  medium  frequencies  for  the  aperiodic 
amplifiers.  Therefore  for  the  analysis  we  use  the  equivalent  diagram 
for  the  medium  frequencies  (Fig.  32c),  suitable  for  the  aperiodic  and 
selective  amplifiers-.  Let  us  consider  some  special 
features/peculiarities  of  selective  transistorized  amplifiers 
separately. 

Using  expression  (2-19),  let  us  find  the  requirements,  by  which 
it  must  satisfy  nonlinear  element/cell  for  the  realization  of 
required  FAKh  during  the  use  of  real  UP. 

LINEAR  AMPLIFIER. 

For  the  linear  amplifier  condition  z*x  is  satisfied.  Then 
condition  (2-19)  can  be  registered  in  the  form 

s 


(2-98) 
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since 

For  the  linear  amplifier  in  expression  (2-98)  it  is  possible  to 
substitute  the  value  of  differential  slope/transconductance. 

Linear  amplifier  instrument.  In  this  case 

const;  (2-09) 

tf.u-0.  (2-100) 

Amplifier  instrument  with  the  characteristic,  approximated  by 
the  polynomial  of  the  second  power  taking  into  account  expression 
(2-39),  for  the  positive  pulse  signal  we  obtain 

g4"1  «  St  St  |1  +  (tj  *—  1)  ?!•  (2-101) 

Sign  «— •  with  g  considers  the  rotation  of  the  phase  of 
amplified  signal  180°.  Conductivity  of  the  nonlinear  element/cell 

*£ i  -  -  g.  -  St  <1  - 1)  *  (2-102) 


Page  114. 

* 

We  find  expression  for  volt-ampere  characteristic  of  nonlinear 
element/cell.  In  this  case  we  assume  that  conductivity  g,*const  and 
does  not  depend  on  the  value  of  signal.  This  assumption  in  many 
instances  is  correct  for  the  vacuum-tube  amplifiers,  for  the 
transistor  amplifiers  conductivity  g,  is  changed  as  a  result. of  a 
change  in  conductivity  gM.  It  is  possible  to  take  into  account  a 
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change  of  conductivity  gax  subsequently  and  to  correct  the 
characteristic  of  nonlinear  element/cell.  Then 


J  dU^  -  j  Un  dUaux  +  C. 


u 


Substituting  we  obtain 


T  —  —  jj  j  r 

1  BOJX  —  OK  H - 


On  the  basis  of  initial  conditions  /Hta^0  when  £/,MI=0, 
integration  constant  C*0.  Finally  we  obtain 


since 


T  _  fo(V-i) 

<*  Mil  *  To  n  V  Mil 

is.  m 

r  ^ 


(2-103) 


The  volt-ampere  characteristic,  described  by  expression  (2-103), 
can  be  realized  with  the  help  of  ENE,  shown  in  Fig.  30b. 


For  the  negative  signal  taking  into  account  expression  (2-39)  we 
analogously  obtain 

6wu  - —  ?o  -  —1.  Cl  — *)  9.  (2*  104) 

i.e.,  in  the  case  of  amplifying  the  negative  signal  the  conductivity 
of  the  nonlinear  element/cell,  connected  in  parallel  to  load 
admittance,  it  must  be  negative,  which  to  in  practice  realize  is  very 
difficult  (theoretically  this  can  be  done  with  the  help  of  the  tunnel 
diodes) . 
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If  in  FU  conditions  ^  and  are  satisfied,  then  should  be 

found  out  the  volt-ampere  characteristic  of  nonlinear  load  and  load 
fulfilled  in  the  form  of  equivalent  nonlinear  element/cell.  Then 

(2-105) 


Page  115. 

Substituting  the  value  —  ^2  into  expression  (2-105)  and 
integrating  it,  we  obtain  expression  for  the  volt-ampere 
characteristic  of  the  nonlinear  load 

-  gu  (#■»»  ±  "  U™*)  *  (2‘106) 

where 

Volt-ampere  characteristics,  described  by  expression  (2-106), 
are  depicted  in  Fig.  33  (curve  1-1),  it  is  possible  to  realize  it 
with  the  help  of  ENE,  shown  in  Fig.  30d. 

Amplifier  instrument  with  the  characteristic,  approximated  by 
the  polynomial  of  the  third  power.  According  to  expressions  (2-51) 
and  (2-98)  for  the  load  admittance  we  obtain 

(2-107) 

u 

After  substitution  into  expression  (2-107)  and 

integration  finally  we  obtain 
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Amplifier  instrument  with  exponential  characteristic  — 1). 

Differential  slope/transconductance  for  the  bipolar  signal 

£<*)  .  T<-grf««.  ■±u«)  -  S«*'v“ 

Then  load  admittance 


(2-ill) 


g* 


(2-112) 


where 


Current  of  the  load 

/««.  -  gm  J  +  C, 

P-f. 

We  find  integration  constant  from  conditions  /MI,  —  0  when  u 

After  the  substitution  of  integration  constant,  we  obtain 

/*„,  -  i,#1"* ■  < ±  1),  (2-H3) 

since  M.-S.-IM'""- 


Page  117. 

Volt-ampere  characteristic,  described  by  expression  (2-113),  is 
analogous  in  form  to  characteristic  (1-1)  in  Fig.  33  and  can  be 
realized  with  the  help  of  ENE  (Fig.  30d) . 

During  the  amplification  of  unipolar  signal  for  expanding  the 
dynamic  range  of  the  linear  AKh  of  amplifier  should  be  the  operating 
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point  on  the  passage  characteristic  of  amplifier  instrument  displaced 
into  the  region  of  larger  or  smaller  bias  voltage  U*.*  depending  on 
signal  polarity  and  type  of  UP  (tube  or  transistor).  For  example,  in 
the  case  of  amplifying  the  positive  signal  it  is  necessary  to 
increase  initial  negative  bias  voltage,  if  as  UP  is  used  vacuum  tube, 
connected  on  the  diagram  "common  cathode",  or  a  transistor  of  type 
p-n-p,  connected  on  the  diagram  "general/common/total  emitter";  to 
reduce  the  initial  positive  bias  voltage,  if  as  UP  is  used  a 
transistor  of  type  n-p-n,  connected  on  the  diagram 
"general/common/total  emitter". 

NONLINEAR  FUNCTIONAL  AMPLIFIER. 

In  the  nonlinear  amplifiers  for  calculating  the  amplitude 
properties  it  is  necessary  to  use  an  average/mean 
slope/transconductance  of  passage  characteristic  of  UP. 

For  the  synthesis  of  nonlinear  FU  we  use  condition  (2-19) 

Let  us  consider  the  possibility  of  realization  of  FAKh  with 
various  forms  of  passage  characteristic  of  UP. 

Linear  amplifier  instrument  s—Sm  —  c omu  In  this  case 


-*.?<*)• 


(2-114) 


3 
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6-  VM(|) 

(2-115) 
(2-116) 

since  g, 

Page  118. 


Conductivity  of  nonlinear  element/cell  when 

1?  (*)  —  1]. 


or 


Rl*L  -  —  - 


«*  f  (*)  —  l  ’ 


In  this  case  the  required  volt-ampere  characteristic  of  the 
nonlinear  element/cell 

/Si  -  —  If  (*)  - 11.  (a-117> 

or 

/■m  *  i»Uua.  »■*  If  (*)  — “  1]*  (2-118) 

where  cp(z)*x/z  -  function,  mathematical  recording  by  which  for 
different  forms  of  FAKh  is  given  in  Table  5. 

If  one  of  the  components  of  conductivity  g0  is  changed  with  a 
change  in  voltage/stress  u%UK,  then  this  can  be  taken  into  account  in 
formula  (2-118)  during  the  calculation  of  the  volt-ampere 
characteristic  of  nonlinear  element/cell. 


Expression  (2-118)  is  general/common/total  and  suitable  for 


calculating  the  ..nonlinear  cascade/stage  from  FAKh  when  &»>var(|),  which 
works  in  the  linear,  functional  and  quasi-linear  modes/conditions. 
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For  this  it  is  necessary  in  expression  (2-118)  to  substitute  the 
value  of  z  and  <p(z),  corresponding  to  one  of  the  operating  modes. 

In  the  case  of  FAKh,  when  differential  coefficient  grows  over 
the  dynamic  range,  i.e.,  6=»var(t),  the  conductivity  of  nonlinear 
element/cell  /?«•*.  calculated  by  formula  (2-115),  is  negative.  Then  it 
is  necessary  to  calculate  gaarv  and  current  /«. rp  of  nonlinear  load. 
According  to  formula  (2-114) 

fiurp  *■  “  guUuut.  **(*).  (2-1 10) 

where  x(z)  -  the  standardized/normal ized  input  voltage,  expressed 
through  the  standardized/normalized  output  voltage/stress  z. 
Expressions  for  x(z)  are  given  in  Table  1.  In  particular,  for 
exponential  amplifier  x(z)=*alnz+l 

« (a  In  i  +  1).  (2-120) 

For  the  development/detection  of  character,  and  also  for 
calculating  the  volt-ampere  characteristics  of  nonlinear 
elements/cells  and  loads  it  is  convenient  to  use  the  generalized 
standardized/normalized  volt-ampere  characteristics 


'urp.  i 

(2-121) 

when 

6  am  var  ( + ) 

and 

'aarp.  a 

(2-122) 

when 

b  =*  var(  f  ), 

where 

~ *  current, 

flowing  through  the  load 

with  the  output  voltage/stress,  with  which  it  begins  with  FAKh  of 
amplifier. 

The  normalized  characteristics  for  three  types  of  FAKh  with 
the  amplification  of  a  single-polar  signal  are  presented  in 
Fig.  34.  For  LAKh  it  is  accepted  d=*10.  During  the  amplification 
of  the 
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bipolar  signal  of  characteristic  they  must  be  symmetrical  relative  to 
the  origin  of  coordinates  and  take  the  form  of  the  characteristics, 
given  in  Fig.  31b, . 

As  can  be  seen  from  Fig.  34,  FAKh  when  6  — var(|)  it  is  possible 
to  realize  with  the  help  of  ENE  of  the  first  type,  in  this  case  to 
the  nonlinear  element/cell  must  be  given  cutoff  voltage,  equal  to 
//•  — since  With  b  —  ▼ar(t)  FAKh  it  is  possible  to 

realize  with  the  aid  of  ENE  of  the  second  type,  in  this  case  to  the 
nonlinear  element/cell  must  be  given  triggering  voltage/stress,  which 
ensures  the  linearity  of  dynamic  volt-ampere  characteristic  to 
voltage/stress 

Let  us  consider  the  possibility  of  the  realization  of 
characteristic  1  in  Fig.  34  with  the  help  of  the  diagram  in  Fig.  30a. 
It  is  obvious  that  the  nonlinear  section  of  characteristic  from  z«  to 
*«.  that  corresponds  to  the  work  of  cascade/stage  in  the  logarithmic 
mode/conditions ,  must  ensure  the  nonlinear  element/cell  (diode).  The 
approximating  coefficients  of  volt-ampere  characteristic  of  diode  can 
be  found  from  two  points,  for  example  1  and  2.  For  points  1  and  2 

/«.,  -  £/«..  - 1)  -  M'1'"'*- 

T  .  —  /  _  i  ■*» 

‘  KM  2  “  1  aw.  K1** 

Solving  equations  relatively  7,  we  have 
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where 


A  - 


'•Ml 


The  greatest  accuracy  of  approximation  is  obtained,  if  we  as 
point  2  take  the  point,  which  corresponds  In  this  case 


'  hbji2 


(2-124) 


Fig.  34.  The  standardized/ normal ized  volt-ampere  characteristics 
ENE  in  the  implementation  of  different  FAKh:  1  -  logarithmic;  2  - 
exponential;  3  -  quadratic. 
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Analogously  it  is  possible  to  calculate  elements/cells  of  ENE  of 
the  second  type. 

Amplifier  instrument  with  the  nonlinear  passage  characteristic. 
Conductivity  of  the  nonlinear  element/cell 

Swa -*»  l#  (<S)  <!>(*)  —  i].  (2-120) 

For  finding  the  volt-ampere  characteristics  of  the  nonlinear 
ones  of  element/cell  and  load  we  will  use  equation  (2-19).  On  the 
basis  of  expressions  (2-19),  (2-121)  and  (2-122),  we  obtain 

H  (/&)  -  *  [f^  ?  (2)  -  i]  -  *  (<* (S)  f  <*) - 1 J  (2-127) 

with  6  **  var  ( | ), 

a  (/£„,)  -  ~  x  (x)  =»  <P  (S)  x  (*)  (2-128) 

* 

with  b=var(t)- 

Expressions  for  standardized/normalized  characteristics  (2-127) 

with  b»var  (  *_)_  are  given  in  Tables  7  and  for  characteristics  (2-128) 
Table  8* 

with  b»var(tf  /]  In  this  case  are  accepted  the  following 

designations:  —  for  the  polynomial  of  the  third  power; 

u  7  u 

P  —  TT-*—  for  the  polynomial  of  the  second  power;  rr^ — 

W»*.  *  w0.  M 

for  the  hyperbolic  tangent;  —  for  the  exponential  curve. 
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The  schematic  diagram  of  four-stage  logarithmic  amplifier  on  the 
tubes  with  the  single  ducts/contours,  shunted  by  nonlinear 
elements/cells,  is  given  in  work  [7],  Amplifier  has  the  following 
parameters:  resonance  frequency  fa=20  MHz;  amplification  factor  at 
the  work  in  linear  conditions  Ka=4.1*10J  or  ••  72 . 7  dB;  passband 

with  the  work  in  the  linear  conditions  n>0.4  MHz.  Dynamic  range  of 
LAKh  is  D«70  dB,  which  indicates  the  strictly  successive  work  of 
cascades/stages.  LAKh  begins  with  input  voltage  £/.«  ■  —  2 . 5-10* 5  V. 
Relative  accuracy  of  LAKh  in  the  voltage/stress  in  entire  range 
6U(2-3)%.  Slope/transconductance  of  LAKh  a*18  mV/dB. 

The  schematic  diagram  of  single-stage  amplifier  with  EAKh  with 
second  type  asymmetric  nonlinear  element/cell  in  the  anode  circuit  is 
given  in  work  [16].  Dynamic  range  of  EAKh  on  the  input  voltage  d=20 
dB,  on  the  output  — *Ma—40  dB. 
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Table  7. 


a  (/£.)  np»  b  -  w  ( | ) 


Key:  (a),  with.  (1).  Approximation.  (2).  Type  of  signal.  (3).  Pulse. 
(4).  Harmonic.  (5).  Polynomial  of  2nd  degree.  (6).  Hyperbolic 
tangent.  (7).  Exponential  curve. 

Page  122. 

As  can  be  seen  from  expression  (2-19),  general/comraon/total  load 
admittance  of  FU  with  an  increase  in  the  signal  must  be  changed.  This 
leads  to  a  change  in  the  frequency,  phase  and  transient  responses  of 
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FU  with  an  increase  in  the  signal.  It  is  necessary  to  note  that  FU 
are  nonlinear  amplifiers.  Therefore  about  the  passband,  the  phase, 
the  upper  and  lower  cut-off  frequencies  it  is  possible  to  speak 
conditionally  for  steady-state  mode/conditions  under  the  influence  of 
continuous  harmonic  signal.  For  the  pulse  selective  and  aperiodic 
amplifiers  it  is  necessary  to  examine  transient  process  in  the 
nonlinear  system  and  _to  determine  the  distortions  of  front  and 
flat/plane  apex/vertex  of  the  reinforced  pulse  signal. 

Absolute  and  relative  changes  of  the  passband,  upper  and  lower 
cut-off  frequencies,  and  also  phase  shift  from  the  dynamic  range  can 
be  calculated,  substituting  in  the  kn<^wn  formulas  of  the  enumerated 
parameters  of  the  value  of  load  admittance  for  this  signal  level. 


Table  8. 


/£(!*, rp)  np«  b  -  V.r  ( t  ) 


■f  AniipoMcn* 

V  uaium 

-"i  ( t) 

Tan  earoaji* 

IlMliyJIkCMWa 

rapMOMHMSCKH*  fxQ 

o  - — 

^  nojiuuoM 

2-i  cTeavan 

(TO 

^uorp  T.  —  (l  —  t)  XP\  T 

'a.  rp 

/  2  j 

1  n«rp.  m  •  * 

^uorp.  a 

1  ^ 

;  riojiHuoM 

■  3-a  CTVUOUM 

1  £) 

l»»tv  m  1  j  _  s*iA  x 

Mitrv-  a  '  3  ' 

'uarp.  m  '  4  ' 

JJUMUCKHU 

■riiurtup 

/J.PO  !*1i  M  3 

- 

■ ' 

(V 

3Kcnaa«HT« 

^aarn  ±  •**  -P  1 

^Hurp-  a  ' 

'aapp.  ■  ' 

Key:  (1).  Approximation,  (2).  Type  of  signal.  (3).  Pulse.  (4).  By 
harmonic.  (5).  Polynomial  of  2nd  degree.  (6).  Hyperbolic  tangent. 


(7).  Exponential  curve. 


Page  123. 


It  is  easy  to  show  that  for.FU  with  b=var  (\)  with  an  increase 
in  the  number  of  nonlinear  cascades/stages  an  absolute  change  in  the 
phase  in  the  dynamic  range  grows,  and  a  relative  change  in  the 
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passband  is  reduced.  Consequently,  requirements  for  the  selection  of 
a  number  of  nonlinear  cascades/stages  from  the  point  of  view  of  the 
smallest  changes  in  phase  and  passband  are  contradictory. 

FU  WITH  NONLINEAR  DIVIDERS. 

A  change  in  the  frequency  parameters  of  FU  in  the  dynamic  range 
can  be  decreased,  if  we  decrease  the  range  of  a  change  in  the 
shunting  effect  of  nonlinear  element/cell  in  a  some  manner.  For  this 
nonlinear  element/cell  must  be  included/connected 
consecutively/serially  with  the  sufficiently  high  linear 
resistor/resistance  (Fig.  35a,  b,  c)  or  by  load  (Fig.  35d) ,  and  the 
voltage  of  signal  on  the  input  of  the  following  cascade/stage 
removed/taken  from  the  formed  divider.  Let  us  agree  the  chain/network 
of  series-connected  resistors/resistances  R  and  Am  to  call  a 
nonlinear  divider  of  the  1st  type  (Fig.  35a)  and  the  2nd  type  (Fig. 
35b) . 


In  the  given  diagrams  of  selective  FU  the  frequency,  at  which 
the  transmission  factor  of  cascade/stage  is  maximum,  differs  from  the 
resonance  frequency  of  oscillatory  circuit.  Because  of  this  the 
analysis  of  selective  FU  must  be  carried  out  taking  into  account  all 
reactances  of  oscillatory  system  and  it  is  not  possible  to  obtain 
overall  equivalent  diagram  for  the  aperiodic  ones  and  from  the 
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selective  amplifiers,  that  considers  only  active  component  load 
admittances . 


Fig.  35.  Equivalent  diagrams  of  FU  with  the  nonlinear  dividers  for 
FU:  a,  b)  aperiodic;  c,  d)  resonance. 

Page  124. 

Therefore  the  analysis  of  aperiodic  and  selective  amplifiers  must  be 
carried  out  separately. 


Aperiodic  FU.  In  the  region  of  medium  frequencies  is  disregarded 
the  effect  of  stray  capacitances.  Then  transmission  factor  FU  with 
1st  type  nonlinear  divider  (Fig.  35a) 


Taking  into  account  .condition  (2-19),  we  obtain  expression  for 
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the  resistor/resistance 


"" c  f>u  "  i?  <*>  ®  (5)  +  a  -  u  W0  +  na  T  ani  • 


(2-130) 


where  B  a»  -i*  0  21  a  ^  •  initial  resistor/resistance  of  nonlinear 

B 

element/cell  with  the  work  of  FU  in  the  linear  conditions. 

For  FAKh  with  b=var  (t)  the  resistor/resistance 

(*„  +  fla) 

-  *■  (*o  +  ««  +  "•*>  ■ 


For  FAKh  with  b*var  (  +  )  resistor/resistance  #«•*.«*“<»  and 
coefficient  B»0.  In  this  case 


R  s  1  (*o  ^a) 

°  If  (*)  9(S)  ■— i|  (Ba  +  «a+  fl„)  • 


(2-131) 


From  expressions  (2-157)  and  (2-159)  it  is  evident  that  the 
resistor/resistance  of  nonlinear  element/cell  with  the  rotor  of 
signal  with  b=var  (t)  must  grow,  with  b*var  (I)—  be  reduced. 

For  the  vacuum-tube  amplifiers  inequality  R«  +  R*  usually  is 

fulfilled.  Then  expressions  (2-130)  and  (2-131)  are  simplified 

RmM  “  +  5- 1  (*  +  Js) •  (2-132) 

Rm **•«  *  f  (*)  9°(S)  -l  (*  sf) '  (2-133) 
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The  dynamic  volt-ampere  characteristic  of  nonlinear  element/cell 
can  be  calculated  from  formula  (2-117).  with  b=var  (*>  is  required 
nonlinear  element/cell  with  1st  type  characteristic  with  b*var  (t)— 
with  2nd  type  characteristic. 

For  amplifier  stage  with  2nd  type  nonlinear  divider  (Fig.  35b) 
the  transmission  factor  in  the  region  of  the  medium  frequencies 

K  "  (A  +  o  *  (2"134) 

The  resistor/resistance  of  nonlinear  element/cell  must  be 
changed  according  to  the  law 

Rm*. «  “  — — -  »  ?  (*)  ®  {8)  (Ro  +  R*  4*  Asm.  ■)  —  flo  —  Ru»  (2-135) 

•mi 

where 

-  K*  l*0 

«  “  *■(*»+*«> 


For  vacuum-tube  amplifiers  «•  Then 


rs  a  n 

niUi  ■  ■  #  —  «o  ~ 


,  ,  -  f  (a)  <P  (5)  ^£^5  —  -  Rr 


(2-138) 


For  the  selection  of  nonlinear  element/cell  during  the 
calculation  of  FU  it  is  necessary  to  have  dependence  /?*•*  „  —  / (#■•*' •)  or 
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dynamic  volt-ampere  characteristic,  which  can  be  found  from  the 
relationship/ ratio 

<«m  “  rr-  -  -  —  *  — b  r  ■  •  (2-137) 

utux.  t  nM 

Whence  » 

U mi.  a  “  U wi  a2  ip-"  •  (2-138) 

"a 


In  this  case  the  signal  current,  flowing  through  the  nonlinear 
element/cell , 


where 


(2-139) 

\ 


Page  126. 

The  dynamic  volt-ampere  characteristic  of  nonlinear  element/cell 
is  constructed  with  the  joint  graphical  solution  of  equations  (2-138) 
and  (2-139). 

Analyzing  expressions  (2-135),  (2-136)  and  (2-139),  it  is 
possible  to  draw  the  conclusion  that  for  the  realization  of  FAX  with 
b*var  (+)  is  required  the  nonlinear  element/cell  with  1st  type 
characteristic,  with  b*var  (t)  -  the  2nd  type. 
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For  obtaining  the  broader  dynamic  band  FAKh  with  b=var  (t) 
initial  factor  of  amplification  K „  with  the  work  of  FU  in  the  linear 
conditions  must  be  chosen  as  smaller  as  possible.  In  this  case  value 
Rhul  is  small  for  1st  type  nonlinear  divider  and,  on  the  contrary, 
large  -  for  2nd  type  nonlinear  divider. 


Transmission  factor  of  FU,  made  on  the  diagrams  in  Fig.  35a,  b 


in  the  region  of  highest  frequencies. 


K . 


sun,  % 
V  A*  +  b*  ' 


(2-140) 


A  —  f  5  =  u*;  /  -  R  -u  Rt  +  R.t;  A  -  CA/?tf  A ; 

«  =  C  A*  +  C  A**  +  CtR  (Rt  +  Rt). 

Hi  —  Rum.  cl  Rt  —  Ra  (pec-  35,  a);  Rt  =  i?„;  c  (puc.  35, 5). 

Key:  (1),  Fig. 


Upper  cut-off  frequency  /«««»  on  which  K  is  reduced  /2  times, 

<  —  1  l/"  —  (**  —  2lh)  -+•  4/*A» 

,H*"Sr - * - ~  •  (2-141) 

From  expression  (2-141)  it  is  evident  that  /«,*,  depends  on 
signal  level  (resistors/resistances  (Rt  and  R2)  and  with  b»var  (+) 
frequency  /*••*«*  with  an  increase  in  the  signal  increases,  and  with 
b»var  (t)—  it  is  reduced.  As  it  is  not  difficult  to  see 
general/common/total  stray  capacitance  of  diagram,  which  shunts  load, 
from  the  diagrams  in  Fig.  35a,  b  with  Rl»Rl, 


is  equal  to 
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with  R x <<R j  capacity/capacitance  Ca-*C,.  Then  a  maximum  relative 
change  of  frequency  /mm  as  a  result  of  changing  the 
resistors/resistances  of  Rx  and  R2  does  not  exceed  the  value 


n 


(2-142) 


With  C,=Ci  relation  n<2. 


Thus,  in  the  aperiodic  fie  with  the  load,  shunted  by  nonlinear 
divider,  by  the  selection  of  the  corresponding  value  of  the  linear 
resistor/resistance  of  divider  ^a  it  is  possible  to  considerably 
decrease  the  instability  of  cut-off  frequencies  over  the  dynamic 
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range. 

Work  [7]  gives  the  schematic  diagrams  of  the  bipolar  (Fig.  52) 
and  unipolar  (Fig.  58)  video  amplifiers,  in  which  LAKh  is  obtained 
with  the  shunting  of  plate  loads  by  the  nonlinear  dividers 
respectively  of  the  1st  and  2nd  types.  Bipolar  amplifier  has 
following  data:  Ko  =10* ;  upper  cut-off  frequency  with  the  work  in 
linear  conditions  /•*»*•  =3.10*  Hz;  10' 4  V;  D*60  dB; 

relative  accuracy  of  LAKh  in  entire  dynamic  range  6Ua=3%;  the 
slope/transconductance  of  LAKh  a*13  mV/dB. 

Unipolar  amplifier  has  following  data:  K0  *10;  /«HO=2.5  MHz; 

^k.«»10*’  in;  d»75-80  dB;  relative  accuracy  of  LAKh  5U=3-4%; 
ff»(9-10)  mV/dB;  accuracy  in  the  slope/transconductance  5 a=»(  15-20)% 

The  results  of  detailed  research  of  the  diagrams  indicated  are 
given  in  the  same  work. 

Page  128. 

Resonance  FU.  The  complex  transmission  factor  of  the  amplifier 
made  on  the  diagram  in  Fig.  35c, 


K  -  SuLRt  [jrtpji  1  a*  +  fl*] 


(2-145) 
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where 


A  <•  <u*  [LC  (Ri  ■)■  R%)  +  LCtRi  4“  CiCjiliilil  Ri  Rtl 
B  =  ulL  +  Cr(Rl+  R,)  +  CtAM  —  ^LCC^R* 


r=r1+rl;  Ti  -  resistor/resistance  of  losses  in  the  inductive  branch 
of  oscillatory  circuit;  r2  -  resistor/resistance  of  losses  in  the 
capacitive  branch  of  duct/contour;  C  °* C* '+ C*>n  +  C* — 
capacity/capacitance  of  single  oscillatory  circuit. 


Modulus /module  of  transmission  factor 


wr  S*LR\ 

"V4*  +  a»* 

Phase  of  the  amplifier 

<p  —  — arctg 


(2-146)- 


(2-147) 


Equalizing  to  zero  imaginary  parts  of  expression  (2-15),  we  find 
the  resonance  frequency  of  system  through  the  output 

^-“./r+TTTfes;'  <*-*«) 

where  u0®l/LC  -  angular  frequency  of  single  oscillatory  circuit 
without  taking  into  account  capacitor  Cx;  p^Rj/R*;  n=Cl/C;  m=Cl/L. 

From  equations  (2-147)  and  (2-148)  it  is  evident  that  the 


resonance  frequency  and  phase  are  changed  with  a  change  in 
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resistors/resistances  of  Ri  and  R2.  In  the  wideband  amplifiers  this 
change  can  be  observed  in  the  limits  of  passband.  The  changes  of  the 
frequency  during  the  phases  are  less,  the  less  the  coefficients  n  and 
m,  i.e.,  the  less  the  capacitor  Cx  and  the  greater  the  initial  value 
p.  Let  us  consider  two  extreme  values: 

1.  Rt  —  0;  u*  —  u»0  j/"  ;  2 .  Ri=*  0;  <*>£  —  <*>•• 

Then  a  maximally  possible  change  in  the  resonance  frequency  of 
the  system 

T- ?- VT+^i. 


Whence  at  the  given  value  7  the  capacity/capacitance  of 
oscillatory  circuit  must  be  equal  to 

(2-149) 


Real  relative  change  in  the  resonance  frequency 


«, 
“p  ' 


(1  +  pn)  (1  p+  *  4-  mrR%) 

(1  +  P)  (1  +  ' 


(2-150) 


Page  129. 


Let  us  consider  two  limiting  cases  of  changing  the  phase. 


1.  Rj=0,  which  corresponds  to  work  of  FU  in  linear  conditions. 


In  this  case  the  phase  of  the  amplifier 
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where  d* —  circuit  damping  taking  into  account  by-passing  of 
resistor/resistance  of  Rx.  For  the  vacuum-tube  amplifiers  usually 
RX>R.  Then  di=md+  In  this  case 


V’ 


2.  Rx*0.  Usually  RX>>R.  Then  attenuation  of  single 

duct/contour  with  the  losses.  In  this  case 


In  this  case  the  phase  drift  will  be  observed  in  essence  due  to 
a  change  in  the  resonance  frequency  of  oscillatory  system. 


For  the  -amplifier  Fig.  35d  complex  transmission  factor 
neglecting  of  resistor/resistance 

Here 

A  -  <o*  {LC  +  CC^rRm  +  CtL)  —  i; 

B-wCr  —  w*LCCyRw  + 


where  C  —Cw  +  C*  -f  Cx  —  capacity/capacitance  of  oscillatory  circuit 
without  taking  into  account  capacity/capacitance  C,;  r  -  resistance 
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of  losses  in  the  duct/contour  taking  into  account  resistor/resistance 

H  ■». 


Modu 1 us / modu 1 e 


A%  + 1* 


(2*152) 


Phase  is  determined  from  formula  (2-177). 


The  resonance  frequency  of  the  system 


Vl  + 


(2-153) 


where  n'=C,/C,  m'=C,/L. 


Page  130. 


Change  in  the  resonance  frequency  in  the  range 


/I  +  n1  +  m  k 

T+V  +  mT*Z.l  (2'154) 


Relation  with  C>>C,,  which  can  be  made  in  the 

narrow-band  system. 


Thus,  nonlinear  dividers  can  be  applied  only  in  the  narrow-band 
tuned  amplifiers.  In  the  wide-band  amplifiers  the  drift  of  resonance 


VX' 
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frequency  and  a  change  of  the  phase  in  the  dynamic  range  can  reach 
the  significant  magnitudes. 

WITH  TWO-CIRCUIT  FILTER  BAND  FUNCTIONAL  AMPLIFIER. 

The  filter,  which  consists  of  two  coupled  circuits,  tuned  for 
one  frequency,  is  simplest.  The  equivalent  diagram  of  nonlinear 
cascade/stage  with  the  two-circuit  filter  is  shown  in  Fig.  36. 

For  obtaining  the  required  by  AKh  cascade/stage  it  is  possible 
to  shunt  with  nonlinear  elements/cells  one  or  both  coupled  circuits. 
With  shunting  of  both  ducts/contours  a  number  of  nonlinear 
elements/cells  grows  doubly,  which  is  economically  disadvantageous. 
Furthermore,  the  types  of  the  nonlinear  elements/cells,  which  shunt 
both  ducts/contours,  in  the  general  case  must  be  different,  since  the 
voltage  of  signal,  applied  to  secondary  circuit  u*z>  in  the 
connection/communication,  different  from  the  critical,  is  not  equal 
to  voltage/stress  U*u  applied  to  the  first  duct/contour . 

In  the  vacuum-tube  amplifiers  to  the  first  duct/contour  large 
direct/constant  voltage  is  applied,  in  consequence  of  which  upon  the 
inclusion  of  nonlinear  element/cell  into  the  first  duct/contour 
isolating  capacitors  with  the  increased  operating  voltage/stress  will 
be  required. 
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Fig.  36.  The  equivalent  diagram  of  nonlinear  cascade/stage  with  the 
two-circuit  filter:  «•»-*■«-*- <o» i  +*■,-  the  worsened/ impaired  resonance 

conductivity  of  the  first  (output)  duct/contour ;  *o*-*o»  *+*m*-t-««*  - 

worsened/ impaired  resonance  conductivity  of  the  second  (input) 
duct/contour;  conductivity  of  further  shunts. 


Page  131. 

Therefore  nonlinear  element/cell  to  more  expediently  include  in  the 
secondary  circuit.  For  the  transistor  amplifiers  this  does  not  have  a 
value. 


The  connection/communication  between  the  ducts/contours  can  be 
most  varied.  In  the  inductive  coupling  coupling  coefficient 

k~~vTT.'  <2'1“) 

where  M  -  mutual  induction  between  the  ducts/contours. 
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For  the  diagram  in  question  complex  transmission  factor 


the  degree  of  the  connection/communication  between  the 

i  i 

ducts/contours;  “•  “ resonance  frequency. 

A  change  in  the  time  lag  of  signal  with  a  change  in  the  value  of 
the  resistor/resistance  of  nonlinear  element/cell  is  one  of  the 
deficiencies/lacks  in  amplifier  cascades/stages  with  the  load, 
shunted  by  nonlinear  element/cell.  It  proves  to  be  that  during  the 
appropriate  selection  of  the  sizes  of  the  elements  of  oscillatory 
circuits  and  connection/communication  between  the  ducts/contours  this 
change  in  the  time  lag  of  signal  can  be  considerably  decreased. 

Let  us  find  the  condition  of  the  minimum  of  a  change  in  the  time 
lag  with  the  shunting  by  the  nonlinear  element/cell  of  the  first 
duct/contour.  Let  us  determine  the  expression  of  the  phase  response 
of  nonlinear  cascade/stage  <p(u).  For  simplification  in  the  K  (/8), 
linings/calculations  we  will  use  the  expression  of  the  abbreviated 
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factor  of  amplification  K(fl),  the  methodology  of  determination  of 
which  is  given  in  work  [29].  In  this  case  accordingly  [29]  in 
expression  (2-156)  let  us  take  +  fl,  where  !2  -  small  detuning. 

Page  132. 


Taking  into  account  the  small  first-order  quantities:  relative 
detuning  of  attenuation  5,  and  5,,  and  also  the  small 

second-order  quantity,  and  throwing/rejecting  all  values,  the  order 
of  smallness  of  which  above  second,  we  obtain 


K(]Q)  -  K. 


■(£)' 


+•2(1,  + 


(2-157) 


where  K,  -  factor  of  amplification  of  cascade/stage  in  the  presence 
of  the  resonance 


„  m,MS 

+!>•)' 


(2-158) 


For  the  approximate  estimate  of  signal  lag  in  the  amplifier  of 
radio  frequency  it  is  possible  to  use  an  expression  of  time  lag 

r* - (£) _ _  •  (2-159) 

where  <p*<o(u>)  -  the  expression  of  phase  response. 


Using  expression  (2-158),  we  obtain  the  shortened  expression  fo 
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the  phase  response  of  the  cascade/stage 


f  —  arctg- 


(2-160) 


2  (*t  +  — 


Then  time  lag  tentatively  can  be  considered  according  to  the 
formula 


t  -  *  .  (**  \  + 

*m’~ »  l^/a-o  '  (2* 


161) 


With  change 
condition 


time  lag  is  constant  with  satisfaction  of  the 


(2-162) 


Differentiating  formula  (2-161)  and  equalizing  with  zero,  we 
obtain  the  condition  of  the  constancy  of  time  lag  with  a  change  in 
value  5, 


Then 


Page  133. 


Aga  “  8*. 


4 


2 

-rr  —  const. 


(2-163) 


(2-164) 


With  the  shunting  of  the  first  duct/contour  the  analogous 
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condition  of  the  stabilization  of  time  lag 

(2-165) 

is  obtained. 

The  reasonings  conducted  are  accurate  for  the  linear  system.  For 
the  nonlinear  system  of  expression  (2-163),  (2-165)  can  be  taken  as 
the  approximate  conditions  of  stabilization,  but  not  the  constancy  of 
time  lag. 

With  the  identical  ducts/contours,  when  and  critical 

coupling  between  the  ducts/contours 

*«.»  (MW) 

Thus,  condition  (2-163)  is  a  condition  of  the  critical  coupling, 
in  which  the  passband  is  determined  by  the  expression 

Om  -  (3,  +  8,).  (2-167) 

With  increase  £•»  increases  and  the  condition  of  critical 

coupling  is  broken.  Coupling  coefficient  is  reduced  and  passband  is 
changed  on  the  sufficiently  complicated  dependence  on  8j*  Let  us  find 
the  further  conditions  for  the  selecting  8ji  and  circuit  dampings 
and  5,,  on  the  basis  of  the  guarantee  of  constancy  of  passband. 
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In  the  general  case  passband 

a  -  /.v 

(2-168) 

This  expression  can  be  converted 

V‘&  +  &  +  [*  —  2T^),  +  0-i4Li.  (2-169) 
where  ;  *  "V 

Page  134. 

*• 

It  is  necessary  to  find  this  value  of  parameter  tf^-p.at  which 
passband  would  be  changed  least  of  all  with  change  This  value 

<fi  can  be  determined  from  the  graphs  in  Fig.  37, A 

in  which  relationships  /ft  =  *(9)  are  plotted  for  diffrent  values  of  £ 
The  graph  shows  points  corresponding  to  the  values  of  <7hP.  at  which  the 
link  is  critical.  The  broken  line  connecting  these  points  divides 
the  graph  into  two  domains  in  which  one  of  the  resonance  curves 
has  one  peak,  while  in  the  other  it  has  two. 


From  the  graph  it  is  evident  that  the  most  favorable  value  of 
parameter  <p  lies/rests  within  limits  of  0.5-0. 8.  At  these  values 
0  an  increase  of  the  attenuation  5,  8  times  changes  passband  not 
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more  than  10%.  To  values  #=0.6-0. 8  (point  1  and  2  in  Fig.  37)  it 
corresponds  the  value  of  the  relations  of  the  initial  attenuations 

gH  “Jj  =  0,5-t-0,8. 

Thus,  so  that  with  the  shunting  of  secondary  circuit  the 
passband  would  be  changed  insignificantly,  necessary  to  satisfy  the 
condition 

8,  .  <7.8,  =.  (0,5 -H  0,8)  K  (2-170) 

or 

<?,.  ■■  quQtu  =■  (0.5  -+■  0,8) 

i.e.  the  energy  factor  of  the  first  duct/contour  must  compose  0.5-0. 8 
from  the  initial  energy  factor  of  the  unshunted  secondary  circuit. 
Apparently,  the  most  favorable  relationship/ratio  when  7«=0.63. 

So  that  resonance  curve  of  amplifier  would  be  flat/plane,  it  is 
necessary  with  the  work  of  amplifier  in  the  linear  conditions  the 
connection/communication  between  the  ducts/contours  to  choose 
critical.  Then  initial  passband  is  determined  according  to  expression 
(2-167) . 

For  determining  the  law  of  a  change  in  cc  Activity  let  us 

rewrite  expression  (2-158)  in  the  form 

*  »*  +  M*  ’ 


(2-171) 


Fig.  37.  The  graph/diagrams  of  dependence  i£(q)  for  the  different 
values  of  the  parameter  f:  I  -  region  of  single-humped  resonance 
curve;  II  -  region  of  two-humped  resonance  curve. 

Page  135. 

In  this  case  the  initial  factor  of  amplification  of 
cascade/stage  with  the  work  in  the  linear  conditions 

„  ««S  VlX*a  (2*172) 

+  UA'V 

On  the  basis  of  expression  (2-19)  we  write/record  the  equality 
j  (2-173) 

Taking  into  account  that  and  deciding  relatively  ?■•«> 

?hm  —  gti  (»» [7  (A*  +  U)  —  A*\  —  1  (2-174) 


we  obtain 
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where  m^C*/^;  A  =  >^0,5(1  +  q'*a)- 

Being  assigned  by  value  on  the  graph  in  Fig.  37  we 

determine  value  f  for  the  critical  coupling  (points  on  the  broken 
line).  It  is  possible  to  be  assigned  by  the  value  f  and  to  determine 
9m  in  the  critical  coupling.  For  example,  with  $=0.7  through  the 
graph  we  find  9m  —0.6. 

From  expression  (2-174)  it  is  possible  to  calculate  dependence 
gmm*>~- f(z),  necessary  for  obtaining  FAKh  of  any  type. 

S4.  Some  special  features/peculiarities  of  FU  on  the  transistors. 

Special  features/peculiarities  of  FU  on  the  transistors  are 
defined  by  the  physical  properties  of  transistor  as  amplifier 
instrument.  In  comparison  with  vacuum  lamp  it  is  possible  to  note  the 
following  fundamental  special  features/peculiarities  of  transistor: 

transistor  is  substantially  nonlinear  amplifier  instrument  and 
works  with  comparatively  small  input  and  output  voltages  of  the 
reinforced  signal,  which  impedes  the  selection  of  the  nonlinear 
element/cell,  which  forms  FAKh  of  amplifier; 
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Input  and  output  conductances  of  transistor  considerably  differ 
by  value,  in  consequence  of  which  for  obtaining  the  sufficiently  high 
transmission  factor  of  cascade/stage  the  load  must  ensure  agreement 
between  the  transistors,  i.e.,  the  load  of  amplifier  stage  must  be 
matching  device; 

transistor  is  inertial  amplifier  instrument  with  the  complex 
parameters,  which  depend  on  the  frequency. 

Page  136. 

« 

Therefore  in  the  selective  amplifiers,  in  the  first  place,  the 
resonance  frequency  of  amplifier  does  not  coincide  with  the  resonance 
frequency  of  oscillatory  system,  and,  in  the  second  place,  in  the 
amplifier  can  be  observed,  besides  fundamental  resonance,  further 
resonances  at  frequencies,  which  differ  from  fundamental  signal 
frequency,  which  leads  to  the  distortion  of  resonance  curve  of 
amplifier; 

transistor  has  the  large  reverse/ inverse . transfer  admittance 
Yia,  as  a  result  of  which  in  the  selective  amplifiers  descends  the 
coefficient  of  stable  amplification  and  is  distorted  the  form  of 
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resonance  curve  of  input  and  output  circuits; 

the  dependence  of  the  parameters  of  transistor,  including  of 
slope/transconductance  of  passage  characteristic,  input  and  output 
conductances  (active  and  reactive/jet  components)  on  the  operational 
conditions  of  transistor  (strength  of  current  of  emitter  and 
voltage/stress  on  the  collector/receptacle). 

The  enumerated  special  features/peculiarities  of  transistor 
cause  the  specific  character  of  the  circuit  solution  and  construction 
Tie  on  the  transistors. 

In  the  majority  of  the  practical  amplifier  circuits  of  radio 
frequency  the  common-emitter  connection  (OE)  is  used,  which  .has 
larger  amplification  than  common-base  circuit  (OB),  as  a  result  of 
the  larger  input  resistance.  At  comparatively  low  frequencies  (for 
this  type  of  transistor)  the  common-emitter  connection  considers 
fundamental.  However,  with  the  increase  of  frequency  the  difference 
in  the  values  of  the  input  resistances  of  common-emitter  connections 
and  by  base  is  reduced. 

At  the  sufficiently  high  (for  this  type  of  transistor) 
frequencies  the  amplifier  with  the  general/common/total  base  can  be 
almost  also  effective  as  common-emitter  amplifier.  Furthermore,  in 
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the  amplifier  in  OB  internal  feedback  is  exhibited  more  weakly,  in 
consequence  of  which  the  amplifier  works  more  stably.  Therefore 
diagram  with  OB  in  many  instances  for  the  broadband  selective 
amplifiers  can  prove  to  be  preferable. 

Page  137. 

Linearization  of  the  passage  characteristic  of  transistor. 

The  passage  characteristic  of  transistor  it  is  possible  to 
linearize  by  linear  effective  resistance,  including  it: 

a)  in  input  circuit  of  cascade/stage  consecutively/serially  with 
the  input  electrode  of  transistor  (Fig.  38a,  b) ? 

b)  in  the  circuit  of  consecutive  current  feedback  of  emitter  in 
the  diagram  with  OE  (Fig.  38c),  on  the  base  current  in  the  diagram 
with  OB  (Fig.  38d) ; 

c)  in  the  circuit  of  parallel  voltage  feedback  between  the 
output  and  input  terminals  of  transistor  (Fig.  38e). 

Each  of  the  enumerated  diagrams  has  their  advantages  and 
disadvantages. 
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As  shown  to  work  [83,  the  linearizing  action  of 
resistor/resistance  R •  in  (/3+1)  is  more  than  the  linearizing  action 
of  resistor/resistance  Upon  the  inclusion  of  the  linearizing 

resistor/resistance  into  the  circuit  of  base  the  temperature 
operational  stability  of  transistor  on  the  direct  current  descends, 
what  is  essential  deficiency/lack. 

The  sufficiently  high  input  resistance  of  cascade/stage  at  the 
high  frequencies  is  the  advantage  of  diagrams  a  and  b.  To 
deficiencies/lacks  in  the  diagrams  should  be  related:  the  decrease  of 
transmission  factor  on  the  voltage/stress  with  the  previous  frequency 
properties  of  cascade/stage.  Diagrams  a  and  b  are  applied  rarely,  in 
essence  at  the  high  frequencies. 

More  frequently  is  applied  the  diagram,  represented  in  Fig.  38c, 
advantage  of  which  it  is: 

an  increase  in  the  input  resistance  at  frequencies  f  <  h: 

a  partial  improvement  in  the  frequency  properti-es  of  transistor. 
Since  according  to  work  [22]  the  time  constant  of  diagram  with 
current  feedback  of  the  emitter 
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Def iciencies/lacks  in  the  diagram: 

the  decrease  of  the  slope/transconductance  of  the  passage 
characteristic  of  transistor  and, -Consequently,  also  the  transmission 
factor  of  cascade/stage  to  1  +  S/f,  once; 

at  frequencies  />/»  feedback  .becomes  complex;  therefore  the 
linearizing  action  of  feedback  is  reduced  and  input  resistance  is 
reduced. 


DOC  =  83138008 


PAGE 


Page  138. 

The  first  def iciency/lack  can  be  partially  reduced,  increasing 
the  load  resistance/resistor  to  the  value,  which  ensures  the  previous 
frequency  properties  of  amplifier,  which  the  cascade/stage  before  the 
inclusion/connection  of  resistor/resistance  /?»  The  scheme  can  be 
applied  in  pulse  aperiodic  and  selective  FU  during  the  amplification 
"of  signal  at  frequencies  / < /► 

In  work  [8]  it  is  shown  that  with  the  value  of 
resistor/resistance  /?,=»100  ohms  the  high-frequency  transistors  of 
types  P401-P403,  P411,  P417  and  P418Zh  can  be  counted  as  linear  UP  to 
input  voltage  £/„s»200  mV,  when  A,  *>200  ohm  -  to  v,  when 

500  ohm  -  to  V. 

Diagram  in  Fig.  38e,  with  voltage  feedback  considerably  improves 
the  frequency  properties  of  cascade/stage.  With  carrying  out  of 
feedback  on  the  diagram  in  Fig.  38e  input  and  output  conductances  are 
changed,  and  this  affects  the  transmission  factor  of  the  previous 
cascade/stage.  In  the  cascade/stage  in  question  it  virtually  does  not 
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vary,  since  it  is  determined  by  the  ratio  of  voltage/stress  on  the 
collector/receptacle  to  the  voltage/stress  on  the  base,  that  are 
internal  for  the  closed  loop  of  feedback.  Therefore  it  is  necessary 
to  examine  the  pair  of  cascades/stages. 

In  a  deep  feedback  the  frequency  characteristic  of  cascade/stage 
is  distorted  because  the  feedback  loop  forms  the  frequency-dependent 
voltage  divider,  which  consists  of  effective  resistance  and 
complex  input  admittance  Y  [22].  Therefore  feedback  is 
frequency-dependent.  For  obtaining  the  frequency-dependent  feedback 
it  is  necessary  to  include  impedance  [22]  selected  by 
correspondingly. 

MATCHING  AND  DECOUPLING  OF  AMPLIFIER  STAGES  ON  THE  TRANSISTORS. 

Aperiodic  FU.  In  the  aperiodic  transistorized  amplifiers  the 
cascades/stages  between  themselves  usually  do  not  .coordinate. 
Therefore  as  basis  applies  diagram  with  OE,  in  which  input  and  output 
conductances  in  the  least  measure  are  distinguished  between 
themselves.  For  facilitating  the  adjustment  multistage  FU,  which 
consists  of  the  nonlinear  cascades/stages,  between  the  nonlinear 
cascades/stages  it  is  expedient  to  include  the  untying  emitter 
followers.  In  this  case  during  the  calculation  of  nonlinear 
cascade/stage  by  the  effect  of  the  subsequent  nonlinear  cascade/stage 
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it  is  possible  to  disregard. 

Page  139. 

Practical  diagrams  of  aperiodic  FU,  in  particular  logarithmic 
transistorized  amplifiers,  and  their  detailed  research  are  given  in 
work  [8].  The  LAKh  in  these  amplifiers  is  obtained  by  the  shunting  of 
collector  loads  by  nonlinear  elements/cells  or  by  nonlinear  dividers. 
Accuracy  of  LAKh  is  5U3%,  slope/transconductance  a*3-3.5  mv/dB.  In 
all  three  diagrams  for  the  realization  of  the  successive  work  of 
nonlinear  cascades/stages  and  obtaining  LAKh  of  high  accuracy  between 
the  nonlinear  cascades/stages  are  connected  the  untying  emitter 
followers. 

Virtually  instantaneous  restoration/reduction  of  the  sensitivity 
of  amplifier  after  the  break-down  of  large  signals  in  entire  dynamic 
range  of  LAKh  and  obtaining  in  the  amplifier  of  the  stable  delay  time 
of  signal  with  a  change  of  its  value  in  entire  range  of  LAKh  of 
amplifier  is  the  advantage  of  amplifier  with  2nd  type  nonlinear 
dividers. 

Resonance  of  FU.  In  resonance  FU  the  single  oscillatory 
circuits,  tuned  for  one  frequency,  are  applied.  For  decreasing  the 
shunting  effect  of  output  and  input  admittances  considerable  in  the 
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value  the  undercoupling  of  duct/contour  with  the  transistors  is 
applied.  The  basic  versions  of  the  circuit  diagrams  of  duct/contour 
are  shown  in  Fig.  39.  On  the  diagrams  the  current  generator  /=»<7Myn 
and  output  conductance  Y,  ,=>(  1/R2 , )  +  juC2  2  are  the  equivalent  of  the 
previous  transistor,  by  the  equivalent  of  the  subsequent  transistor 
input  admittance  Yt ^(1/R,. 2 )+jwC2 2 .  Conductivities  Y21,  Y22  and  Yl2 
correspond  to  the  circuit  diagrams  of  the  transistor:  OE,  OB  and  OK. 

The  degree  of  the  inclusion  of  duct/contour  into  output  circuit 
of  previous  and  into  input  circuit  following  of  transistors  is 

characterized  by  transformation  ratios 

u.  a. 

mi  mt7T  •  u  » 

un 

which  are  less  than  one. 

Consequently,  the  greatest  voltage  of  signal  is  created  on  the 
oscillatory  circuit,  i.e.,  voltage/stress  U„.  This  must  be  remembered 
during  the  selection  of  connection  point  into  the  load  of  the 
shunting  nonlinear  element/cell. 

It  is  known  that  the  required  nonlinear  element/cell  to  fit  the 
easier,  the  greater  voltage  of  signal  0  applied  to  the  nonlinear 
element/cell . 


Page  140. 
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In  this  case,  connecting  in  series  with  the  nonlinear  element/cell 
supplementary  resistors/resistances  different  in  the  value,  it  is 
possible  to  use  a  broad  class  of  the  semiconductor  diodes,  which  have 
both  the  large  and  comparatively  small  slope/transconductance  of  the 
initial  section  of  volt-ampere  characteristic.  Is  most  expedient  the 
inclusion/connection  of  nonlinear  element/cell  shown  by  continuous 
duct/contour. 

For  the  low-frequency  diagrams  it  is  possible  to  use  any  of  four 
circuit  diagrams  of  duct/contour  (Fig.  39)  independent  of  the  method 
of  the  start  of  transistor.  It  is  possible  to  apply  the  optimum 
coupling  of  duct/contour  with  the  transistors  and  to  obtain  the 
maximum  of  amplification  factor.  The  procedure  of  calculation  of 
transformation  ratios  for  the  optimum  coupling  of  duct/contour  with 
transistors  is  given  in  work  [67]. 

To  calculate  and  design  the  low- frequency  circuit  and  is 
comparatively  easy.  To  much  more  compl icatedly  design  amplifier  at 
frequencies  it  is  higher  than  10  MHz,  especially  broadband. 

Complexity  is  caused  by  the  fact  that  the  reactive  components  of 
input  and  output  resistance  of  transistors  are  congruent  in  the  value 
with  the  virtually  realizable  reactances  of  oscillatory  circuits. 


DOC  =  83138008 


Fig.  39.  Basic  concepts  of  the  inclusion/connection  of  oscillatory 
circuit  and  shunting  nonlinear  element/cell  in  single-tuneds 
coupling:  a)  autotransformer;  b)  double  autoinduct ive;  c) 
transformer;  d)  capacitive;  e)  with  seres  inductance. 
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With  the  incomplete  connection  of  transistors  to  the  duct/contour 
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appear  spurious  resonances,  whose  frequencies  do  not  coincide  with 
the  resonance  frequency  of  fundamental  duct/contour.  In  this  case  is 
formed  the  system,  which  during  the  appropriate  selection  of  the 
points  of  connection  can  have  flat/plane  or  double-humped  resonance 
curve . 

Spurious  resonances  can  be  used  in  the  general  case  for  the 
correction  of  the  frequency  characteristic  of  amplifier  for  obtaining 
its  flat/plane  or  double-humped  form.  However,  this  method  of  the 
correction  of  frequency  characteristic,  as  shown  in  work  [8],  is  not 
suitable  with  the  shunting  of  oscillatory  circuit  by  nonlinear 
element/cell. 

Spurious  resonances  can  be  reduced,  selecting  the  appropriate 
points  of  the  connection  of  transistors  to  the  oscillatory  circuit 
and  applying  the  capacitive  voltage-divider  in  the  diagram  with  OE 
and  the  autoinduct ive  inclusion  of  duct/contour  in  the  diagram  with 

OB. 


The  distortion  of  the  resonance  curve  selective  system  over  the 
dynamic  range  can  be  reduced,  connecting  two  nonlinear  elements/cells 
to  in  parallel  to  the  basis  LC0  and  parasitic  oscillatory 

circuits.  The  selection  of  such  nonlinear  elements/cells  is 
sufficiently  complex,  since  the  nonlinear  elements/cells  must  be 
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different.  However,  when  it  is  necessary  to  obtain  wide  passband  in 
the  amplifier  on  the  single  ducts/contours,  this  method  of  the 
distortion  elimination  of  resonance  curve  is  completely  acceptable. 

Let  us  find  the  required  law  of  a  change  in  the  conductivity  of 
nonlinear  element/cell.  During  the  analysis  of  high-frequency 
amplifier  in  general  form,  taking  into  account  the  effect  of 
self-feedback,  the  bulky  formulas,  unsuitable  for  the  engineering 
calculations,  are  obtained.  Therefore  for  simplification  in  the 
linings/calculations  by  analogy  with  amplifiers  on  vacuum  lamps 
during  the  analysis  we  will  assume  that  the  self-feedback  in  the 
transistor  is  neutralized,  i.e.,  conductivity  Yl2=0.  m 

Independent  of  the  method  of  the  inclusion  of  duct/contour  into 
output  and  input  circuits  of  transistors  calculation  formulas  are  one 
and  the  same.  Therefore  let  us  consider  fundamental  calculated 
relationships/ratios  based  on  the  example  of  diagram  with  the  double 
autoinductive  inclusion  of  the  duct/contour  (Fig.  39b),  in  parallel 
to  which  is  connected  nonlinear  element/cell  with  the  transformation 
ratio  m=l. 

Page  142. 

The  cor  lex  transmission  factor  of  cascade/stage  on  the 
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voltage/stress 


~  Ay 

K-SZ'-  (i  +  /r)  (!  +  //>)’ 


(2-175) 


where  S0  -  low-frequency  value  of  the  slope/transconductance  of 
direct  drive;  p=a2-  =  yQt  -  generalized  detuning;  d,  =  JL  ~  complete 

“9  .  **9 

attenuation;  y=  (u>/u„ ) - (cj„/cj)»Au/cj0  -  detuning;  Au=a>-cj  „ ; 
cj„*1/(  l/Ic;  );  r  **  aw  =  ;  ujrp'  -  the  cut-off  frequency  of  the 

"rp 

transistor,  connected  on  the  appropriate  diagram;  -  equivalent 

g9 

resonance  resistor/resistance  of  the  shunted  duct/contour 


■  1  1 

R*  Rq,  Rtl 


(2-178) 


Ho,  “  the  equivalent  resonance  resistor/resistance  of  duct/contour. 


The  total  capacitance  of  the  duct/contour 

Ca  =*  Ck  •+■  ■+*  m*C\i  -f-  Cu  -f- 

where  C»  -  the  self-capacitance  of  duct/contour;  cm  -  wiring 
capacitance;  CHta  -  capacity/capacitance  of  nonlinear  element/cell. 


Modulus /module  of  transmission  factor 
r _ 

*  /(TT7W+73)  ‘ 
Frequency  characteristic 

"*•  /(l  +  <■*)<! +  />*>  ' 


(2-177) 

(2-178) 


The  frequency  and  phase  responses  of  transistorized  amplifier  in 


the  general  case  are  asymmetric  relative  to  the  resonance  frequency 
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of  oscillatory  circuit  u0.  The  degree  of  asymmetry  depends  on  the 
quality  of  duct/contour  and  relationship/ratio  of  frequencies  — 

^  wpn 


Equalizing  the  imaginary  part  of  expression  (2-175)  zero,  we 
find  the  frequency,  at  which  the  phase  of  system  is  equal  to  zero 


u»,-0  = 


1  +  -^r 


(2-170) 
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The  value  of  frequency  <»*,  at  which  the  transmission  factor  is 


maximum,  we  find  from  equation  i*.„o 

dm 


V»-s- 


(2-180) 


\MV\ere 


_ sb~  a+du>  “  =  V—m  +yn»  +  n*-,  v  =  Vm—y  m*  +  n»- 

m  "  iw?  +  S ;  "  "  —  6-2  (5*  +  Q*  —  2£*E*);  d»2Q*u*. 


Formula  (2-179)  is  precise,  but  on  it  is  impossible  to  judge 
graphically  the  change  in  frequency  u*  with  a  change  in  quality  Q. 

For  the  approximate  determination  of  frequency  <oH  with  <p«0  it  is 
possible  to  use  following  approximation  formula  [51): 

W*  »  w,  ]/ 1  —  (2-181) 

Initial  transmission  factor  of  cascade/stage  with  the  work  in 
the  linear  conditions 


where 


JC  a 

Vli  +'i>  (!+£,/ 

r *  “  Pm.  «  ^  Qn  (~  —  -1)  ™  Qui/u- 


(2-182) 


T 
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With  the  work  of  cascade/stage  in  the  functional  and 


quasi-linear  modes/conditions  transmission  factor 

S^R^m ,/n, 


(2-183). 


where  Pu 


Taking  into  account  condition  (2-19),  we  find  expression  for  the 
conductivity  of  the  nonlinear  element/cell 

-  «;  +  -  ‘)  •  (2'184> 

For  the  narrow-band  amplifiers,  for  which  is  fulfilled 
inequality  Q>>1,  and  broadband  when  w*  value  and  expression 

(2-184)  is  converted  into  expression  (2-115). 


Page  144. 

Thus,  conductivity  and  the  volt-ampere  characteristic  of  nonlinear 
element/cell  can  be  calculated  from  expressions  (2-115)  and  (2-117), 
i .  e. 

g* m  -  8*  (“  —  4) ;  t**  *  ^ 

U  t 

where  g'  ,*g»;  UKM  *  a  Uu,x.—  -  with  the  complete  connection  of 

fit"  fflf 

nonlinear  element/cell  to  the  duct/contour;  g'„=g./mJ2;  u,ett  - 


with  the.  incomplete  connection  of  nonlinear  element/cell  from  exit 
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&- 

side  of  transistor;  g’.^g./m1,?  UUta^Una.,z  -  with  the  incomplete 
connection  of  nonlinear  element/cell  from  entry  side  of  the  following 
transistor  (z  -  standardized/normalized  output  voltage/stress). 

During  the  fluent  analysis  of  expressions  (2-176)  and  (2-178)  it 

seems  that  the  asymmetry  of  the  resonance  and  phase  responses  of 

nonlinear  cascade/stage  with  an  increase  in  the  signal  must  grow, 

since  the  energy  factor  of  duct/contour  is  reduced.  However,  this  not 

thus.  The  asymmetry  of  frequency  and  phase  responses,  and  also 

passband  in  the  nonlinear  cascade/stage  are  less  in  comparison  with 

the  linear,  that  has  #«.«■•  equal  to  gt. m  of  nonlinear  cascade/stage  on 

this  signal  level  and  at  frequency  <*»*•  This  phenomenon  can  be 

explained  by  the  fact  that  with  any  change  in  the  voltage  of  signal 

on  the  oscillatory  circuit  in  proportion  to  detuning  the  action  of 

nonlinear  element/cell  is  such,  that  it  reduces  this  change  as  A 

result  of  a  change  in  the  conductivity  of  nonlinear  element/cell  gu„, 
and  consequently, 

gw  To  calculate  the  resonance  characteristic  of  nonlinear 
casc‘ade/stage  is  very  difficult,  since  in  this  case  it  is  necessary 
to  solve  transcendental  problem. 

Let  us  pause  at  the  selection  of  transformation  ratios  mx  and  m, 
with  the  work  of  cascade/stage  in  the  linear  conditions. 


In  work  [22]  it  is  shown  that  with  the  assigned  passband  the 
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maximum  amplification  is  obtained  with  the  equality  of  those 
introduced  into  the  duct/contour  of  the  resistors/resistances 

or  (2-185) 

"S  "h 

When  the  maximum  factor  of  amplification  of  cascade/stage 
exceeds  the  value  of  the  actually  realizable  dynamic  range  of  LAKh  in 
one  cascade/stage,  the  mode/conditions  the  agreements  reject.  In  this 
case  the  complete  inclusion/connection  of  duct/contour  from  exit  side 
(m^l)  is  applied,  and  value  of  ma  is  chosen  from  the  condition  of 
the  permissible  shunting  of  duct/contour  with  the  input  resistance 
Ru  of  the  following  cascade/stage. 

Page  145. 

At  the  high  values  of  input  capacitance  Ctl  is  sometimes  more 
expedient  value  m,  to  take  small,  and  the  required  passband  to 
obtain,  connecting  in  parallel  to  duct/contour  back-out  resistor  R„. 
In  this  case  the  effect  of  the  instability  of  capacity/capacitance 
Clt  on  the  passband  sharply  descends.  The  method  of  expanding  the 
passband  examined  it  is  expedient  to  apply  in  the  amplifier  with  the 
ARU  due  to  a  change  in  the  mode/conditions  of  the  work  of  the 
transistor,  whose  input  capacitance  considerably  is  changed  in  the 
alignment  procedure  of  amplification. 


DOC  *  83138008 


PAGE  >r 

In  work  [2]  it  is  shown  that  the  efficiency 

9  -  n,K, 

of  broadband  cascade/stage  is  greatest  at  the  completely  specific 
values  of  coefficient  of  m2  and  its  shunting  resistor/resistance  Ra. 
The  most  fully  possible  cases  of  the  selection  of  coefficients  mx  and 
ma  are  examined  in  work  [67]. 

DECREASE  OF  THE  REVERSE/ INVERSE  TRANSFER  ADMITTANCE  Y12. 

Parasitic  feedback  can  be  considerably  weakened/attenuated, 
using  transistors  with  a  small  reverse/inverse  transfer  admittance 
(transistors  with  four  electrodes  p-n-i-p);  neutralizing  the 
self-feedback  of  transistor  by  means  of  external  feedback;  applying 
the  composite/ compound  cascode  circuit  diagrams  of  transistors. 

Applying  special  transistors  with  a  small  reverse/ inverse 
transfer  admittance  and  composite/compound  circuit  diagrams  of 
transistors,  it  is  possible  to  obtain  stable  amplification  in  the 
broadband.  Therefore  it  is  expedient  to  apply  the  first  two  methods 
of  decreasing  the  parasitic  feedback  in  the  wideband  amplifiers. 


During  the  neutralization  of  self-feedback  the  stability  of 
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amplification  in  a  comparatively  narrow  frequency  band  is  raised. 
Because  of  this  the  neutralization  is  applied  only  in  the  narrow-band 
amplifiers. 

Questions  of  the  neutralization  of  feedback  in  the 
high-frequency  amplifiers  (UVCh)  on  the  transistors  are  in  sufficient 
detail  examined  in  works  [42,  47,  52,  68]. 

Page  146. 

The  neutralization  of  self-feedback  in  the  transistorized 
amplifiers  is  realize^,  connecting  to  the  amplifier  the  special 
linear  and  passive  neutralizing  quadrupoles.  The  frequency  and  phase 
responses  of  the  neutralizing  quadrupole  are  chosen  so  that  the 
external  feedback  would  neutralize  internal  connection  in  the 
frequency  band. 

The  diagrams  of  neutralization  can  be  reduced  to  four  circuits; 
series  (neutralization  of  the  type  Z);  parallel  (neutralization  of 
the  type  Y);  series-parallel  (neutralization  of  the  type  h); 
parallel-series  (neutralization  of  the  type  g)  or  to  their 
combinations . 

In  the  transistorized  amplifiers  there  is  a  specific  character 
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in  the  use/application  of  diagrams  of  neutralization.  If  dynamic 
range  is  reached  with  the  help  of  the  gain  control  by  a  change  in  the 
voltage/stress  on  collector/receptacle  £/„  or  the  emitter  current  of 
transistor  /*  modulus /module  and  phase  of  the  coefficient  of  the 
feedback  of  transistor  are  changed.  Because  of  this  the  calculation 
and  the  selection  of  the  elements/cells  of  the  neutralizing 
quadrupole,  which  efficiently  functions  in  the  broad  dynamic  band, 
hinders.  The  elements/cells  of  the  neutralizing  quadrupole  must  be 
calculated,  on  the  basis  of  the  average/mean  value  of  modulus/module 
and  phase  of  the  coefficient  of  feedback  in  the  dynamic  range. 

For  comparatively  narrow-band  amplifiers  with  ShDD ,  as  shown  in 
work  [8],  a  diagram  of  the  type  Y  is  the  most  acceptable  diagram  of 
neutralization. 

In  work  [68]  it  is  shown  that  with  the  increase  of  frequency  the 
coefficient  of  the  feedback  of  transistor  at  first  is  raised,  and 
then  descends  and  at  the  sufficiently  high  frequency  for  this  type  of 
transistor  amplifier  it  works  stably.  During  the  appropriate 
selection  of  the  connection/communication  of  transistor  with  the 
input  and  output  circuits  (with  the  signal  generator  and  the  load) 
the  need  for  neutralization  is  eliminated.  Therefore  the  creation  of 
the  serial  wideband  amplifiers  of  the  oscillations/vibrations  oi 
radio  frequency  with  the  ShDD  is  facilitated  independent  of  the 
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method  of  gain  control. 

USE  OF  CASCODE  CIRCUITS  IN  FUNCTIONAL  AMPLIFIERS. 

Is  called  the  cascode  diagram  which  consists  of  two  amplifier 
instruments  UPj.  and  UPa  (Fig.  40),  each  of  which  can  be 
included/connected  on  one  of  three  basic  concepts:  with  the 
general/common/total  ones  by  base  (OB),  by  emitter  (OE)  and  by 
collector/receptacle  (OKp)  for  the  transistors  or  with  the 
general/common/total  ones  by  grid  (OS) ,  by  cathode  (OKa)  and  by  the 
anode  (OA)  for  vacuum  lamps. 

Page  147. 

Nine  combinations  of  the  circuit  diagrams  of  the  first  and  second 
amplifier  of  instruments  are  theoretically  possible.  For  the 
transistors: 

OB  —OB  OB  —03  OB  —OKp 
03  —OB  03  —03  03  -OKp 
OKp— OB  OKp— 03  OKp— TKp 

For  vacuum  lamps : 

OC  — OC  OC  —OKa  OC  — OA 
0Ka-0C  0Ka-0Ka  OKa— OA 
OA  — OC  OA  -OKa  OA  — OA 

In  the  cascode  diagrams  the  load  between  the  amplifier 
instruments,  as  a  rule,  is  absent  and  there  is  a  conductive  coupling. 
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Because  of  this  the  combinations  of  amplifier  instruments  indicated 
can  be  considered  as  common  UP  with  the  equivalent  parameters, 
determined  by  characteristics  and  circuit  diagrams  of  the  entering  i 
transistors . 

Cascode  diagrams  great  are  applied  in  the  transistor  amplifiers 

To  the  analysis  of  the  linear  amplifiers,  made  during  the 
combinations  of  transistors,  it  is  devoted  the  series/row  of  works 
[6,  3,  51,  64,  91]. 

Let  us  consider  the  diagrams  of  power  feed  of  transistors  and 
cascode  diagrams  from  the  point  of  view  of  the  expansion  of  the 
dynamic  range  of  amplifier. 

Depending  on  the  method  of  the  start  of  transistors  by  the 
direct  current  and  grid  priming  the  diagrams  with  parallel,  series 
and  series-parallel  feed  are  distinguished. 

With  parallel  feed  (Fig.  41a)  it  is  possible  by  more  bending  to 
choose  the  mode/conditions  of  transistor  on  the  direct  current  and 
the  method  of  its  adjustment.  With  the  series  feed  (Fig.  41b)  a 
number  of  parts  is  decreased  and  current  drain  is  reduced  from  the 
power  supply  in  comparison  with  the  parallel  version  of  feed. 
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The  need  of  applying  the  power  supply  with  the  increased 
voltage/stress  is  a  deficiency/lack  in  the  series  feed.  However,  the 
deficiency/lack  indicated  in  certain  cases  can  be  realized  as 
advantage.  In  particular,  with  those  increased  supply  voltage  and 
resistance/resistor  of  the  load  of  cascade/stage,  it  is  possible  to 
obtain  the  large  signal  amplitude,  the  selection  of  the  nonlinear 
element/cell,  which  shunts  oscillatory  circuit,  is  facilitated  by 
this . 


Fig.  40.  Block  diagram  of  the  cascade  start  of  two  amplifier 
instruments . 

Page  148. 

»  The  more  the  series-connected  transistors,  the  more  supply  voltage  is 
required,  the  more  possible  it  is  to  obtain  the  voltage  of  signal  on 
the  duct/contour.  With  the  series-connected  transistors  the  maximum 
amplitude  of  the  voltage  of  signal  on  the  oscillatory  circuit  can  be 
obtained  in  n  of  times  more  than  in  the  cascade/stage  with  one 
transistor. 

It  is  natural  that  this  can  be  obtained  as  a  result  of  an 
increase  of  the  load  resistance/resistor  in  n  of  times,  which  will 
lead  to  the  contraction  of  the  passband  of  tuned  amplifier 
approximately/exemplari ly  in  n  of  times.  Consequently,  the  method  of 
increasing  the  amplitude  of  output  voltage/stress  examined  can  be 
realized  in  the  narrow-band  resonance  or  aperiodic  pulse  amplifiers. 


If  in  the  amplifier  transistors  are  included/connected  on  the 
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diagram  OE-  OB-OB***-OB,  then  frequency  properties  of  the  equivalent 
UP  will  be  determined  by  the  frequency  properties  of  the  first 
transistor,  connected  on  the  diagram  OE.  Therefore  in  the  aperiodic 
amplifier  with  an  increase  in  the  load  resistance/resistor  the 
frequency  properties  of  cascade/stage  in  effect  will  not  deteriorate 
until  the  inequality 

CoRo  <  ^ 


is  fulfilled  where  C0  and  R0  -  capacity/capacitance  and  the  total 
resistance  of  load. 


With  high-amplitude  onset  of  the  voltage  of  signal  on  the  load 
the  breakdown  between  collector/receptacle  and  base  of  latter/last 
transistor  can  occur.  For  eliminating  this  phenomenon  it  is  necessary 
to  carry  out  feedback  on  the  alternating  voltage  between 
collector/receptacle  and  base  of  latter/last  transistor  (Fig.  41). 


83138008 


Fig.  41.  Cascode  circuit  diagrams  of  transistors  with  different  feed 
on  the  direct  current:  a)  parallel;  b)  consecutive. 


Key:  (1).  V. 
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In  this  case  the  potential  between  collector/receptacle  and  base  of 
transistor  remains  constant/invariable,  and  transistor  works 
reliably . 


During  the  use  of  transistors  of  two  types  the  p-n-p  and  n-p-n 
efficiency  of  compound  configuration  can  be  raised,  applying  the  more 
economical  mode  of  feeding  of  transistors.  To  increase  the  level  of 
the  output  voltage  of  the  signal  is  possible  in  the  push-pull 
transformerless  diagram,  which  consists  of  the  transistors  of  types 
p-n-p  and  n-p-n.  In  this  diagram  the  energy  consumption  from  the 
power  supply  in  the  absence  of  signal  can  be  reduced  to  a  minimum 
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S  5.  Functional  amplifiers  with  the  nonlinear  feedback. 

To  regulate  the  transmission  factor  of  cascade/stage  with  an 
increase  in  the  signal  is  possible  with  the  help  of  the  active 
nonlinear  negative  feedback  on  alternating  current  or  voltage/stress. 


FU  WITH  NONLINEAR  FEEDBACK  ON  THE  CURRENT. 


The  simplified  circuits  of  amplifier  stages  with  the  nonlinear 
negative  feedback  (NOOS)  on  the  alternating  current  component  of 
common  electrode  UP  are  depicted  in  Fig.  42.  The  NOOS  is  realized  by 
inclusion/connection  in  parallel  to  the  resistor/resistance  of 
feedback  R  of  the  nonlinear  element/cell,  whose  resistor/resistance 
(conductivity)  is  changed  with  an  increase  on  it  in  the  voltage  of 
signal  Um»m  * 

On  the  constant  component  nonlinear  element/cell  it  is  isolated 
from  the  cathode  (emitter)  by  isolating  capacitor  Cp. 

At  the  high  frequencies  / > 1 0  MHz  in  the  vacuum-tube  amplifiers 
considerable  by-passing  of  stray  capacitance  in  the  cathode  circuit 
of  cascade/stage  appears.  Because  of  this  the  active  nonlinear 
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element/cell,  shunted  by  stray  capacitance,  ceases  to  affect  the 
transmission  factor  of  cascade/stage,  since  at  the  high  frequencies 
there  is  no  negative  feedback. 

For  eliminating  this  phenomenon  into  the  cathode  circuit  of 
cascade/stage  it  is  necessary  to  include  the  oscillating 
duct/contour,  tuned  to  a  frequency  of  the  reinforced  vibrations. 

Page  150. 

During  the  calculation  of  the  inductance  of  cathode  oscillatory 
circuit  one  should  consider  that  the  value  of  stray  capacitance 
between  cathode  and  filament  for  different  types  of  tubes  varies  from 
3  to  10  pF,  and  capacitance  value  of  mounting  in  the  cathode  circuit 
can  reach  5-10  pF. 

In  the  transistor  amplifiers  at  frequencies  />/?  (for  the 
diagrams  with  OE)  are  exhibited  the  inertial  properties  of 
transistor,  feedback  is  complex  and  the  effect  of  adjustment  sharply 
descends.  For  eliminating  the  phenomenon  indicated  in  the  feedback 
loop  is  connected  corrective  capacity/capacitance  C„(Fig.  42b), 
which  together  with  the  internal  inductance  of  emitter 
conclusion/output  forms  consecutive  oscillatory  circuit.  Further 
isolating  capacitor  in  this  case  is  not  required. 
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The  internal  inductance  of  the  emitter  conclusion/output 

“  Lu  ■+■  (2*186) 

where  Ln  —  structural/design  inductance  of  emitter  circuit;  La  - 
internal  diffusion  inductance  of  emitter  circuit,  determined  by  the 
inertial  properties  of  the  transistor 

<2-187) 

If  we  take  for  the  transistor  of  the  type  P403  r8=* 50  ohm,  » 
200  MHz,  then  1,3-0,04  uH. 

Measured“structural/design  inductance  for  high-frequency  drift 
dif fused-bases  transistor  of  types  P403,  P410 

L* ss 0,02-^0,03  nH. 

From  expression  (2-187)  it  is  evident  that  with  increase 
inductance  is  reduced.  Therefore  at  very  low  value  La  in  the 
emitter  circuit  it  is  possible  to  include  further  inductance. 

Nonlinear  element/cell  is  connected  with  the  series  circuit. 


Jn  the  presence  of  oscillatory  circuit  in  the  feedback  loop  of 
oscillatory  circuit  in  the  load  circuit  of  selective  cascade/stage  it 
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Fig.  42.  Simplified  circuits  of  FU  with  nonlinear  current  feedback: 
a)  on  the  tube;  b)  on  the  transistor. 
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Diagram  with  the  active  resistor/resistance  or  the  parallel 
oscillatory  circuit  in  circuit  of  feedback.  The  complex  transmission 


factor  of  the  cascade/stage 


(2-188) 


“  t  +  $20.0’  — ' 

where  Z-trp  -  impedance  of  load;  Z*. 0  -  impedance  of  the  feedback 


1  +  o  ' 


(2-189) 


t*  c  •  —  -jp  +  +  gp - complete  conductance  in  the  feedback  loop; 

resonance  resistor/resistance  of  duct/contour; 


If  duct/contour  in  the  feedback  loop  is  absent,  then  /*„ »  and 


l  , _ i 

go.  0  ~  7f  +  TJ—  • 


Modulus /module  of  the  transmission  factor  of  the  cascade/stage 


Vtt?(i+t4S3’ 


(2-190) 
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In  the  presence  of  resonance  y=0  transmission  factor 


K  _  SXq*{R) 

•  T+ZKTo' 

Then  the  equation  of  resonance  curve 


(2-191) 


V  i  +  p>  t  + 


Tn  the  purely  active  feedback  the  phase  response  of  amplifier  is 
described  by  the  known  to  expressions  [59]. 
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With  the  work  of  cascade/stage  , in  the  linear  conditions  transmission 


factor 


where 


tr 

' "  *  +'  ^  J 


ga-*m  ^  +  idr.  “g«+ 


(2-193), 


(2-194) 


since  we  consider  that 


Whence,  at  given  values  Km,  Sn  and  R 


H 


(l--r)fl 
- - <l-7) 


(2-195) 


where  t 


K  ~t 
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To  determine  the  analytical  expression  of  the  law  of  a  change  in 
nonlinear  conductivity  g***.  a  c)  with  the  work  of  cascade/stage  in 

the  nonlinear  (functional  and  quasi-1 inear )  mode/conditions  is 
difficult,  since  voltage/stress  Uw e  depends  on  the  value  of  the 
nonlinear  resistance 


U. 


S*  o.e 
1  +  5^  „• 


(2-196) 


In  this  case  is  obtained  the  complicated  transcendental 
equation,  which  can  be  solved  graphically  for  each  specific  case. 


To  much  more  simply  separately  find  analytical  expressions  for 
dependences  *■•«. a  —  / (U „)  and  (/«,. «  »  f {Un)t  and  from  them  for  each 
specific  case  to  calculate  dependence  gmm.  „  —  /  (*/■„.  0)  or  dynamic 
volt-ampere  characteristic  of  nonlinear  element/cell  /mua „  «. / (Um. 0). 


Taking  into  account  equations  (2-191),  (2-193)  and  (2-18),  we 

find  expression  for  the  common  conductivity  of  the  feedback 

o  1  ^  (2-1971 

5^7  4>  (S)  ®  [R)  +  (a)  -  1  '  V  ' 

where  \h{  x)*x/z,  expressed  through  x. 


Taking  into  account  equation  (2-194),  we  find 

gma  —  (2-198) 

Introducing  the  standardized/normalized  voltage  of  signal  on  the 
nonlinear  element/cell,  we  obtain 
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(2-199) 
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Taking  into  account  formula  (2-197),  we  obtain 


In  this  case 


*0  ( S )  <0  (A)  {1  +  SHHoe.u)  —  « 
**“■  <0  (^)  ®  (*)  (1  +  SmX'.o.wT ' 


U  na.  o  “  £^»x.  ilita 


(2-200) 


(2-201) 


Signal  current,  flowing  through  the  nonlinear  element/cell, 

Imm.  a  ™  O mji.  efui  “ 

{$-<»  (*  {»)  <0  (S)  <0  (HH1  + 


9 

The  dynamic  volt-ampere  characteristic  of  nonlinear  element/cell 
can  be  constructed  by  the  method  of  joint  solution  of  equations 
(2-101)  and  (2-202) . 


Transmission  factor  of  transistorized  amplifier,  connected  on 
the  diagram  with  OE,  with  negative  current  feedback  accordingly  [22] 


ju  Spa 


(2-203) 


With  effective  resistance  fl8.0 


(2-204) 


where  S‘t  —  S,  +  f;  —  *  ■ 


;o(3t'+V)  ;  -  parameters  of  transistor 


at  the  presence  of  feedback.  Usually  it  is  possible  for  the 
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approximate  calculations  to  take  S'0=SB.  with  resonance  p=l. 

Expression  (2-197)  correctly  also  for  the  transistor  amplifier 
during  the  replacement  in  it  S  on  S'B.  Frequency  factor  V 1 + i-n 
the  denominator'  of  expression  (2-204),  which  considers  the  decrease 
of  mutual  conductance  of  transistor  with  an  increase  in  the 
frequency,  is  decreased,  since  value  t—*  is  found  from  the  ratio  of 
transmission  factors  which  does  not  depend  on  frequency. 

Page  154. 


Frequency  factor  must  be  calculated  during  calculation  iHM  on 


the  basis  of  formula  (2-199),  substituting  in  formula  ,y  - 

V  i  +  («•*)» 


Diagram  with  the  series  circuit  (Fig.  42b).  The  modulus/module 
of  the  transmission  factor  of  the  electron-tube  resonance 
cascade/stage 


SRa 


Vl  +/>*(!  +  SZ0%e)' 


(2-205) 


RZL 


where  Z0.e  —  Zi  =  r’  ]/l  -f  pj  0  -  worsened/ impaired  resistor/resistance 

of  series  circuit;  r‘  **  R^  +  r,  r  ~  resistor/resistance  of  the  losses  of 
duct/contour;  pb.o  —  yQi;  Qi  —  —  the  worsened/ impaired  quality  of 

duct/contour  in  the  feedback  loop. 


In  the  presence  of  resonance  y=0 
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K  = 


SRn 

M-^o.0* 


where  R0 


flr' 

R  +  r” 


(2-206) 


For  obtaining  the  FAX  conductivity  g0.e  must  be  changed  according 
to  the  law  (2-198).  Then  the  resistor/resistance  of  the  nonlinear 
element/cell 


1  *o.e(*  +  0  —  Ar 

*h  ta  R  ~  R o .  o 


(2-207)“ 


Standardized/normalized  voltage/stress  on  the  nonlinear 
element/cell 


ZlM  =* 


X 


**o.c 

(1  +  SB*,  o) 


^w«m 


(2-208) 


With  r-»0  expression  (2-207)  and  (2-208)  they  are  converted  into 
expressions  (2-198)  and  (2-199). 


In  the  case  of  transistor  amplifier  at  the  series  resonance 
frequency  in  the  feedback  loop  expressions  (2-207)  and  (2-208)  are 
also  valid.  However,  in  this  case  in  expression  (2-208)  it  is 
necessary  to  substitute  S»S,/(  K"l+(ur  )  * ) . 

For  the  vacuum-tube  amplifiers  in  many  instances  it  is  possible 
to  count  the  load  of  the  cascade/stage  of  constant  and  function 
4*(R)*1.  For  satisfaction  of  condition  4>(R)*1  in  the  transistor 
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amplifiers  it  is  necessary  between  the  nonlinear  cascades/stages  to 
include  the  untying  emitter  followers. 

Page  155. 

From  expressions  (2-197)  and  (2-207)  it  is  evident  that  the  law 
of  a  change  of  resisting  the  nonlinear  element/cell  and, 
consequently,  also  the  form  of  its  dynamic  characteristic  depend  on 
slope/transconductance  of  UP,  value  of  the  resistor/resistance  of 
feedback  R  and  value  of  the  voltage/stress  of  triggering/opening 
(closing)  on  the  nonlinear  of  elements/cells,  which  determines 
initial  value  Rnut.  „  and,  consequently,  R*.a.u . 

During  the  calculation  of  the  dynamic  volt-ampere  characteristic 
of  nonlinear  element/cell  and  dependence  gm%*. » =» f (Uwul «)  it  is 
expedient  to  construct  functional  dependences  £«•«.  o  —  /  (*)  and 
xBM  a*  <p (z),  and  on  them  -  curves  gm»*. « *■  i (iw)  or  /*■#*.  0  —  i (*«e*),  which  can 
be  used  for  the  construction  of  the  volt-ampere  characteristics  of 
nonlinear  element/cell  or  dependences  gutn. «  ■  /  (Un*a. »)  with  different 
values  U„. This  construction  is  made  in  the  work  of  the  author  [7, 
8]. 


During  the  calculation  of  conductivity  ;hm.o  to  directly  take 
into  account  a  change  in  the  slope/transconductance  of  UP  in  the 
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dynamic  range  is  impossible,  since  conductivity  ;aui.c  voltage/stress 
U*u lo.  voltage  on  control  electrode  of  UP  and  mutual  conductance  of  UP 
of  mutually  each  other  cause. 

If  passage  characteristic  of  UP  has  considerable  linear  section, 
also,  as  a  whole  the  nonlinearity  of  characteristic  of  UP  small, 
then,  by  taking  into  account  linearizing  action  of  feedback, 
dependence  gWo—  HU***.*)  it  is  possible  to  calculate  first  for 
S  = =» const,  and  then  to  make  more  precise  calculation  with  the  large 
voltages  of  signal. 

If  the  nonlinearity  of  passage  characteristic  is  pronounced, 
dependence  fm. 0 —  / (Umaa. a)  must  be  calculated  by  the  method  of 
iterations. 

From  expressions  (2-197),  (2-198)  and  (2-207)  it  is  evident  that 
for  the  realization  of  FAX  with  b^var  (  +  )'is  required  the  nonlinear 
element/cell  with  2nd  type  characteristics,  and  with  b=var ( t )  -  the 
1st  type. 

A  change  in  the  input  parameters  in  the  dynamic  range  is  one  of 
the  deficiencies/lacks  FU  with  consecutive  nonlinear  current 
feedback.  In  particular,  in  vacuum-tube  amplifiers  the  input 
capacitance  of  cascade/stage  over  the  dynamic  range  is  changed, 
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approximately/exemplar ily ,  according  to  the  following  law: 

(2-209) 

where  the  input  capacitance  of  amplifier  stage  without  the 

feedback.  This  produces  change  in  the  total  capacitance  of  the  load 
of  the  previous  cascade/stage. 

In  the  transistor  amplifiers  the  law  of  change  0.0  is  more 
complicated. 

Page  156. 

In  the  broadband  and  selective  amplifiers,  when  the 
capacity/capacitance  of  oscillatory  circuit  is  small,  with  a  change 
in  capacity/capacitance  it  can  considerably  be  changed  the  energy 
factor  of  duct/contour,  frequency  and  phase  responses.  However,  with 
the  appropriate  selection  of  the  circuit  elements  of  a  change  in  the 
energy  factor  of  duct/contour  Q  it  is  possible  to  reduce  to  a 
minimum. 

The  schematics  of  unipolar  and  bipolar  logarithmic  amplifiers 
with  nonlinear  current  feedback  on  the  tubes  and  the  transistors  are 
given  in  works  [7]  (Figs.  63,  68),  [8]  (Figs  54,  58). 


On  the  basis  of  the  given  theoretical  and  experimental  studies 
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of  logarithmic  video  amplifier  with  nonlinear  current  feedback  of 
cathode  (emitter)  it  is  possible  to  do  the  following  conclusions: 


1)  the  range  of  LJMi  of  one  cascade/stage  it  is  possible  to 
obtain  to  28-30  dB; 


2)  if  as  the  nonlinear  elements/cells  are  used  germanium  diodes 
D2  or  D9,  then  the  greatest  dynamic  range  of  LAKh  of  cascade/stage  is 
obtained  during  the  voltages/stresses  of  triggering/opening 
^0=0.1-5-0.15  V  and  the  resistors/resistances  of  feedback  R=3-6  kiloohm. 


The  LAKh  of  electron-tube  cascade/stage  begins  with  input 
voltage  U„. .  =  20-5-30  mV,  transistor  -  3-6  mV; 


3)  the  slope/transconductance  of  LAKh  of  amplifier  and  its 
dynamic  range  it  is  easy  to  change,  changing  voltages/stresses  u0  on 
the  nonlinear  elements/cells; 


4)  in  the  multistage  electron-tube  and  in  the  transistor 
amplifiers  with  the  untying  emitter  followers  it  is  possible  to  carry 
out  a  strictly  successive  work  of  nonlinear  cascades/stages  and  as  a 
result  to  obtain  LAKh  in  the  range  80-90  dB  with  the  relative 
accuracy  in  voltage/stress  i>U**3%  and  in  slope/transconductance 
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5)  vacuum-tube  amplifier  is  not  overloaded,  it  does  not  lose 
sensitivity  and  reinforces  signals  according  to  the  assigned  law  to 
10-15  V,  transistor  amplifier  -  to  units  of  volt; 

6)  the  divergences  of  LAKh  of  a  n-cascade  amplifier,  caused  by 
aging  and  exchanging  transistors,  it  is  possible  to  eliminate  the 
change  in  the  bias  voltages  on  the  nonlinear  elements/cells  in  the 
cascades/stages,  in  which  were  substituted  the  transistors  or  tubes; 

7)  amplifier  stages  are  included  by  a  deep  direct-current 
feedback;  therefore  diagram  has  sufficiently  stable  parameters. 
Instability  of  LAKh  with  a  change  in  the  temperature  in  essence  is 
determined  by  the  instability  of  the  parameters  of  nonlinear 
elements/cells.  For  increasing  the  temperature  stability  LAKh  it  is 
necessary  as  the  nonlinear  elements/cells  to  use  silicon 
semiconductor  diodes. 

Page  157. 

FU  WITH  NONLINEAR  FEEDBACK  ON  THE  VOLTAGE/ STRESS . 


The  parallel  connect i.on/communicat ion ,  which  is  realized  by  the 
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inclusion/connection  of  resistor/resistance  Ru»a  between  the  output 
and  input  terminals  of  amplifier,  is  most  widely  used  voltage 
feedback.  Simplified  circuit  OF  FU  on  the  tubes  with  parallel 
nonlinear  voltage  feedback  is  shown  on  Fig.  43. 

The  resistor/resistance  of  nonlinear  element/cell  Rn ««.  whose 
value  is  changed  with  a  change  in  the  value  of  the  voltage  of  signal, 
is  the  resistor/resistance  to  feedback.  Consequently,  with  a  change 
in  the  value  of  signal  amount  of  feedback  is  changed,  which  produces 
change  in  input  admittance  of  cascade/stage  and  transmission  factor 
of  the  previous  cascade/stage. 

In  connection  with  this  for  the  realization  of  assigned  FAX  it 
is  necessary  to  examine  two  series-connected  cascades/stages,  which 
let  us  conditionally  name  nonlinear  pair.  Transmission  factor  on  the 
voltage/stress  of  the  pair 

-  ktkt,  (2-210) 

where  and  k2  -  respectively  the  transmission  factors  of  the  first 
and  second  cascades/stages  of  pair. 


For  the  vacuum-tube  amplifier  according  to  work  [56] 
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inequalities  and  y.wp»iv 

k  s~*'°  x  ii 

+  ^nrpi  4“  a  +  ^»x  ^ wpi  +  ^**2 

since  for  pentodes  S>y,.  *. 

Input  admittance  of  the  second  cascade/stag 


^■*2 ■"  ^p  4“  0*4.  •  +  fau)  0  —  &%)• 
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Fig.  43.  Simplified  circuit  of  FU  with  parallel  nonlinear  voltage 
feedback. 
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Since  g^n^Y^ «  and  the  second  cascade/stage  is  loaded  to  the 
effective  resistance  (the  aperiodic  amplifier  in  the  region  of  medium 
frequencies  or  selective  amplifier  at  the  resonance  frequency), 
according  to  work  [56] 

gax2  »  go  +  guaa  (1  +  Kt). 

With  the  work  of  tube  without  grid  currents  Then 

guaa  (i  4*  K-t)' 

Substituting  the  value  of  Ki  and  K,  in  (2-210),  we  obtain 

Si  (5*  —  Kntn)  /.j 

■  "  1*1  +  <HM  13  +  J  S*  +  Ij  ’  ' 

where  p>  '  are  constant  values. 


With  the  work  of  pair  in  the  linear  conditions 


X  '  In  (*^2h  Ihu, 

"•  ■  *  fir  +  fHJL  « <1  +  **■)!<»«  +  »HM.  ■>  ' 
Taking  into  account  expressions  (2-18) 

solving  them  relative  to  the  conductivity  o 


(2-214) 

,  (2-213), 
f  nonlinear 


(2-214)  and 
element/cell 


r-'.’.V.Vt 


y 


i 
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ShPM  Sm2<P  (■£,)-  frf,y  («)  , 

*■“  “  *n.  «T  <*>  (A  +  A  +  <J«)J  +  •?«,<*>  (-Si)  ■  ^  J 


“Che  voltage  of  signal  on  the  nonlinear  element/cell  according  to 
Pig.  43 

U uu.  a  =*  U nix  —  U n2  —  V  aux  —  £^auxl,  (2-216) 

where  U„ 2  -  voltage  on  the  input  of  the  second  cascade/stage,  equal 
to  the  output  voltage/stress  of  the  first  cascade/stage. 


Normalizing  voltage/stress  C^hm.c  we  obtain 


zn*a  **  2  ““  2lt 


where 


v 

*i~U 


uuz  I 


X. 


uu.  a  “a.  u 


(2-217) 

(2-218) 


Current  through  the  nonlinear  element/cell 

Iwta.  c  «*  U **».  gjiu,  «  =*  U uu.  ■  |z  —  Xj  °‘  (2-219) 
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For  the  transistor  amplifier,  assembled  on  the  common-emitter 
connection,  according  to  work  [22]  we  have 


fC  M  jl  ^1  . 

*  ^  wrpl  +  1*  ill  y  M#,pl  +  1  til 


*.  - 


1^  +  *. 


(2-220) 

(2-221) 


since  it  is  possible  to  consider  that  and  j'urPj>lr<r  Input 

admittance  of  the  second  cascade/stage 


*HIJI 


turpi 


jUl X 
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Transmission  factor  of  the  pair 

SjSt 


Ka=KLKt 


(w  +  ^+^r22; j 

'  1  *LtvP 


urp2 


(2-222) 


Taking  into  account  expression  (2-118)  and  solving  relatively 
?mm.  we  obtain 


e 


S,H<P  (SO  Su0  (St)  -  YMro2  (yHtn>,  +  Yt )  X„.  (I) 

Su*  (S,)Xn.  „f  (i) 


(2-223) 


For  aperiodic  amplifier  Y,=gJ(  -  *,«„*  -  *.  +  v- .  -  *»  -  • 

'Hi 

for  the  resonance  -  Y^rpt  y'Mrpi*»g«*»  +  $„  where  g,  -  the  active 

component  of  input  admittance  of  the  first  cascade/stage  of  the 
following  pair. 


Expressions  ( 1-216 )-( 2-219 )  are  valid  also  for  the  transistor 
amplif ier . 


From  expressions  (2-215)  and  (2-223)  it  is  evident  that  for  the 
realization  of  FAX  with  b=var  ( | )  is  required  the  nonlinear 
element/cell  with  1st  type  characteristics,  and  with  b»var(t)  -  with 
2nd  type  characteristics. 


During  the  calculation  of  dependence  o  -  /  (^hm.  o)  it  is  first 

necessary  to  calculate  *■•«  —  ?(*)  and  fru ,e  *  f  (*),  and  then  for 
concrete/specific/actual  values  X0.  *.  Kx  and  Un.»  -  curved 
Am.o */(£/««.«)  or  dynamic  volt-ampere  characteristic  of  nonlinear 
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element/cell . 
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The  character  of  curves  depends  on  value  Ka.m  and 

* 

ratio  of  the  factors  of  amplification  of  the  first  and  second 
cascades/stages  in  linear  conditions  j  —  ^jS.The  value  of  coefficient  7 
it  is  necessary  to  choose  more  than  one.  With  value  7<1 f  in  the  first 
place,  the  second  cascade/stage  is  considerably  overloaded  by  large 
signals,  which  is  especially  noticeable  in  the  transistor  amplifiers, 
and,  in  the  second  place,  diagram  can  prove  to  be  virtually 
impracticable  from  the  point  of  view  of  obtaining  the  required 
amplitude  characteristic  of  pair. 

During  the  initial  calculation  of  dependence  <i* •*. 0  —  / (tW „) 
possible  to  take  into  account  a  change  in  the  slope/transconductance 
only  of  first  amplifier  instrument  Slf  and  a  change  in 
slope/transconductance  S,  second  UP  can  be  taken  into  account,  using 
the  method  of  iterations. 

It  is.  necessary  to  note  that  the  input  resistance  of  the  1st 
cascade/stage  of  pair  in  the  transistor  amplifiers  also  noticeably  is 
changed.  For  facilitating  of  tuning/adjusting  and  adjustment  of 
logarithmic  transistor  amplifiers  on  the  pairs  it  is  expedient 
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between  the  pairs  to  include  the  untying  emitter  followers. 

Besides  the  circuit  solutions  examined,  functional  amplifier  can 
be  mads  with  the  compl icatedly  nonlinear  feedback.  The  results  of 
experimental  research  and  fundamental  amplifier  circuits  with  the 
nonlinear  feedback  on  the  transistors  are  given  in  work  [8]  and  (Fig. 
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Chapter  3. 


FUNCTIONAL  AMPLIFIERS  WITH  AUTOMATIC  GAIN  CONTROL. 


SI.  Classification  and  comparative  evaluation  of  diagrams  of  ARU. 


Classification  of  diagrams  of  ARU. 


For  obtaining  FAKh  in  the  selective  and  aperiodic  amplifiers  it 
is  possible  to  apply  ARU,  accomplished  with  the  help  of  the 
controlling  voltage/stress.  Examining  an  amplifier  of  any  type  in  the 
form  of  active  electrical  network,  it  is  not  difficult  to  see  that 
the  transmission  factor  can  be  changed,  changing: 

1)  the  slope/transconductance  of  passage  characteristic  of  UP; 

2)  equivalent  resistance  of  load; 


3)  transmission  factor  in  input  or  output  circuit  of 
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cascade/stage. 

The  slope/transconductance  of  passage  characteristic  of  UP  can 
be  changed,  changing  the  operating  mode  on  the  direct  or  alternating 
current  (by  change  in  the  depth  of  negative  feedback).  The  second  and 
third  methods  can  be  carried  out,  applying  the  controlled 
attenuators. 

In  accordance  with  this  let  us  note  the  following  methods  of  the 
automatic  adjustment  of  the  transmission  factor  of  cascade/stage;  a 
change  in  the  mode  of  operation  of  UP  in  the  direct  or  alternating 
current  (change  in  the  depth  of  OOS);  a  change  in  equivalent 
resistance  of  load  or  transmission  factor  in  the  input  (output) 
circuit  of  cascade/stage. 

The  possible  circuit  solutions  of  ARU  are  enumerated  in  Table  2. 

In  terms  of  the  method  of  supplying  the  controlling 
voltage/stress  of  diagram  of  ARU  it  is  possible  to  divide  into  the 
looped  systems  (Fig.  44a),  when  controlling  voltage/stress  is 
supplied  from  the  subsequent  cascades/stages  in  previous  (ARU  back) 
ai\d  the  system  without  the  feedback  (Fig.  44b),  when  the  controlling 
voltage/stress  is  supplied  from  the  previous  cascades/stages  into 
following  (ARU  forward).  Any  system  of  ARU  encompasses  the  regulator, 
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which  usually  consists  of  detector  (D),  amplifier  of  regulator  (UR) 
and  filter  (F) . 

Page  162. 

Regulator  (R)  under  the  action  of  output  (Fig.  44a)  or  input  (Fig. 
44b)  voltages  develops  controlling  voltage/stress  Uv,  which  enters  the 
adjustable  cascade/stage  (RK) .  So  that  the  regulator  would 
operate/wear  on  the  completely  specific  signal  level,  to  it  is  given 
cutoff  voltage  (voltage/stress  of  delay).  Voltage/stress  U%  can  be 
given  to  the  detector  of  ARU;  to  the  amplifier  of  regulator  and  to 
the  circuit  of  the  controlling  voltage/stress  (to  the  further 
element/cell  in  the  circuit  of  filter).  In  accordance  with  this 

Up  -  — 

Up  **  Kj  (kpU »x.  ?  **”  Ut);  (3-1) 

Up-KykpU^p-Ut, 

where  UUStft  -  voltage  of  signal,  which  enters  the  input  of  regulator. 
For  the  system  of  ARU  back  U„  U9Wt.  for  ARU  forward  -U,x.p^u,x; 
ICy-transmission  factor  UR;  A,  -  transmission  factor  of  detector. 

System  of  ARU  must  operate/wear  with  the  voltage  of  signal, 
which  corresponds  to  beginning  of  FAKh.  In  this  case 
Umt.Q  —  U9t.9,mt*(Un.  or  Uutx.a)‘  Then  according  to  expressions  (3-1) 

U%  *  Utx.  p.  ■■ 

Ut  «  u.  p,  ■; 

Ut  —  K-j^tU  I*,  p.  «• 


(3-2) 
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System  of  ARU  both  with  the  reverse/inverse  and  without  the 
feedback  can  have  the  diverse  variants.  The  basic  versions  of  system 
ARU  with  the  feedback  are  given  in  Fig.  45: 

1)  local  ARU,  when  circuit  ARU  contains  only  the  one  adjustable 
cascade/stage  (Fig.  45a); 

2)  multistage  ARU,  when  circuit  of  ARU  contains  two  (Fig.  45b), 
three  or  n  of  cascades/stages  (Fig.  45c,  d); 

3)  crossed  ARU  through  one  (Fig.  45e),  two  or  more  than 
cascades/stages . 

In  turn,  multistage  ARU  can  be  with  n  regulators  (Fig.  45c)  and 
with  one  regulator  (Fig.  45d) . 
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Fig.  44.  Cascade/stage  with  the  automatic  gain  control:  a)  ARU  with 
the  feedback  (ARU  back);  b)  ARU  without  the  feedback  (ARU  forward). 

Key:  (1).  Regulator. 

Page  163. 

On  the  analogous  block  diagrams  can  be  made  the  systems  of  ARU 
forward. 

In  Fig.  45  filters  in  the  circuits  ARU  are  omitted,  since  during 
the  analysis  of  amplitude  properties  of  FU  we  will  examine  the  static 
behavior  of  the  work  of  amplifier. 

In  terms  of  operating  speed  systems  of  ARU  divided  into  the 
inertial  ones  (IARU)  and  moving  rapidly  (BARU).  Speed  of  response  of 
system  ARU  is  determined  in  essence  by  the  elements/cells  of  filter. 
The  dynamic  work  of  systems  ARU  is  sufficiently  fully  examined  in 
works  [36.  59.  65.70,  77,  93], 
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The  form  of  AKh  of  amplifier  with  ARU  in  essence  is  determined 
by  the  transmission  factor  of  regulator.  By  changing  the  transmission 
factor  of  amplifier  in  the  circuit  ARU,  it  is  possible  to  obtain 
various  forms  of  AKh  of  cascade/stage  and  amplifier  as  a  whole.  It  is 
obvious  that  the  amplifier  with  FAKh  with  b=var(^)  can  stably  work 
only  with  ARU  forward,  i  e.,  without  feedback.  System  ARU  with  the 
feedback  can  be  used  for  obtaining  FAKh  with  b=var(^).  However, 
during  the  use  of  a  system  of  ARU  with  the  feedback  the  depth  of  the 
adjustment  of  cascade/stage  (amplifier)  cannot  be  obtained  more  than 
some  specific  value  and,  consequently,  also  the  inclination/slope  of 
AKh  of  cascade/stage  (amplifier)  with  an  increase  in  the  transmission 
factor  Kp  of  amplifier  in  the  circuit  ARU  cannot  be  obtained  more  than 
completely  determined. 
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Fig.  45.  The  basic  versions  of  system  ARU  witn  the  feedback. 
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Region  1,  in  which  can  be  located  AKh  the  cascade/stage 
(amplifier),  included  by  ARU  with  feedback,  in  Fig.  46  it  is  shaded. 
With  an  increase  in  the  transmission  factor  Kp  K",  AT"1  and  so 
forth)  AKh  cascade/stage  approaches  an  axis  of  abscissas.  But  in  the 
control  systems  with  the  feedback  it  cannot  go  in  parallel  to  the 
axis  of  abscissas.  Consequently,  with  the  aid  of  ARU  with  feedback  it 
is  not  possible  to  realize  ideal  limitation  with  the  differential 
transmission  factor  b=0.  The  system  of  ARU  without  feedback  is 
deprived  of  this  deficiency/lack,  applying  which  it  is  possible  with 
the  appropriate  transmission  factor  K9  to  obtain  the  characteristic  of 
a  cascade/stage  of  any  type  (curves  1,  3,  4  in  Fig.  46).  If, 
beginning  from  some  level  of  input  signal  U,%,  the  amplification  of 
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cascade/stage  is  changed  according  to  the  law 

ja  m 

K  =  VZ' 

then  with  m»l  the  characteristic  of  cascade/stage  will  go  in  parallel 
to  the  axis  of  abscissas  (curve  3  in  Fig.  46),  for  m<l  the 
characteristic  will  have  slope  to  the  axis  of  abscissas  (curve  4)  and 
with  m>l  voltage  at  the  output  of  the  adjustable  cascade/stage  will 
grow  with  an  increase  in  the  signal  (curve  2).  The  necessary  value  of 
coefficient  of  m  can  be  obtained  during  the  appropriate  selection  of 
transmission  factor This  is  explained  by  the  fact  that  in  the 
system  in  question  the  amplifier  in  the  circuit  of  ARU  is  not 
included  by  feedback. 

In  the  system  of  ARU  without  feedback  the  time  constant  of 
functioning  can  be  selected  very  small.  Consequently,  this  system  of 
gain  control  can  be  used  for  obtaining  FAKh  in  the  pulse  aperiodic 
and  selective  amplifiers,  intended  for  amplifying  the 
impulses/momenta/pulses  of  short  duration. 

Deficiencies/lacks  in  the  system  of  ARU  without  feedback  are: 
the  need  for  guarantee  in  the  circuit  of  ARU  of  large  amplification, 
criticality  to  a  change  in  the  ambient  temperature  and  to  the 
exchange  of  network  elements  of  ARU,  especially  in  the  transistor 
amplifiers.  Therefore  systems  of  ARU  with  the  feedback  are  more 
widespread. 


1 
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Fig.  46.  Amplitude  characteristics  of  amplifier  with  ARU. 

Page  165. 

SHORT  COMPARATIVE  EVALUATION  OF  SYSTEMS  OF  ARU. 

In  the  vacuum-tube  amplifiers  the  triodes,  tetrodes  and  pentodes 
can  be  used.  If  a  tube  of  the  pentode  type  is  used,  then  its 
slope/transconductance  can  be  changed,  changing  voltage/stress  on  one 
of  the  networks:  control,  shielding  or  pentode,  with  decrease  of 
voltage  on  control  electrode  operating  point  it  is  displaced  from  the 
straight  portion  of  the  passage  characteristic  of  tube  to  the 
curvilinear.  Because  of  this  with  an  increase  in  the  harmonic  signal 
the  nonlinear  distortions  of  the  reinforced  signal  grow.  Therefore 
ARU  on  control  electrode  of  tube  one  should  apply  in  the  aperiodic 
amplifiers  of  video  pulses  and  in  the  selective  amplifiers  of  the 
harmonic  oscillations,  in  load  of  which  the  fundamental  harmonic  of 
the  reinforced  signal  is  selected. 
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A  change  in  the  input  capacitance  with  a  change  in  the  bias 
voltage  is  a  deficiency/lack  of  ARU  on  control  electrode  of  tube. 

However,  a  change  in  the  input  capacitance  of  tube  can  be 
considerably  decreased,  join  up  of  the  cathode  of  the 
resistor/resistance  of  feedback  R0.c.  In  this  case  input  capacitance 
according  to  expression  (2-209) 

where  0c(jyp)  and  ®a(#p)  ~  decreasing  functions  with  the  increase  of  the 
negative  controlling  voltage/stress;  Cm.  .  -  initial  value  of  input 
capacitance. 


It  is  the  condition  of  the  stabilization  of  capacity/capacitance 
Cm  with  change  U9 


dC. 


nr 

p 


Solving  this  condition  relative  to  resistor/resistance  #0.0.  we 
obtain 

R  *C 

n°-°  3*  (*i*c 

For  calculation  R«.e  it  is  necessary  to  know  the  analytical 
expressions  of  functions  and  <t>c •  Expressions  for  <Ps  are  given  in 
Table  9. 
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Expression  for  can  be  determined  according  to  the  experimental 
data.  Resistor/resistance  Roe  must  be  calculated  for  the  average/mean 
value  of  the  controlling  voltage/stress. 

Applying  the  method  of  stabilization  examined,  it  is  necessary 
to  remember  that  upon  the  inclusion/connection  of  resistor/resistance 
R0.0  the  initial  transmission  factor  of  cascade/stage  is  reduced. 

The  advantage  of  diagram  of  ARU  on  control  electrode  is  that  for 
the  adjustment  a  comparatively  small  control  voltage  is  required  and 
power  virtually  does  not  consume  the  circuit  of  adjustment.  In  the 
circuit  of  ARU  the  gain  amplifier  can  be  used. 

With  the  decrease  of  voltage/stress  on  the  screen  grid  the 
passage  characteristic  of  tube  is  shifted  into  the  region  of  positive 
voltages/stresses  on  control  electrode.  With  the  decrease  of 
slope/transconductance  the  extent  of  the  linear  section  of  passage 
characteristic  simultaneously  is  reduced.  During  the  gain  control  on 
the  screen  grid  with  the  increase  of  signal  nonlinear  distortions 
grow  and  upon  reaching/achievement  of  the  signal  amplitude  of  a 
comparatively  small  level  the  circuital  currents  of  control  electrode 
of  tube  appear,  which  leads  to  the  shunting  of  the  load  of  the 
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previous  cascade/stage. 

For  changing  the  slope/transconductance  of  tube  within 
considerable  limits  the  large  controlling  voltage/stress,  congruent 
in  the  value  with  the  voltage/stress  on  the  screen  grid,  is 
necessary. 

Due  to  the  enumerated  deficiencies/lacks  the  diagram  of  ARU  on 
the  screen  grid  in  FU  in  practice  is  not  applied. 

Special  attention  deserves  the  adjustment  of  the 
slope/transconductance  of  tube  by  a  change  in  the  voltage/stress  on 
the  pentode  grid.  The  characteristics  of  a  tube  of  the  type  6Zh9P  (on 
the  anode,  the  cathode  and  the  screen  grid)  depending  on 
voltage/stress  on  pentode  grid  Ua  for  four  values  of  bias  voltage  u «  on 
control  electrode  are  given  in  Fig.  47a,  and  the  plate-grid 
characteristics  at  different  values  Uu  -  in  Fig.  47b.  From  the 
characteristics  given  in  the  figure  it  is  evident  that  the  dependence 
of  the  anode  current  of  tube  on  Un  is  almost  linear  in  the 
considerable  range  of  change  Ua;  anodically  -  the  grid  characteristics 
of  tube  with  an  increase  in  negative  voltage/stress  Uu  are  forced 
against  the  axis  of  abscissas;  the  extent  of  the  linear  section  of 
characteristic  in  this  case  not  only  is  retained,  but  even  increases. 
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In  view  of  the  properties  of  tube  examined  the  gain  control  in 
the  cascade/stage  is  realized  without  the  nonlinear  distortions  with 
a  change  of  the  amplitude  of  harmonic  signal  in  ShDD. 

Page  167. 

Thus,  gain  control  by  a  change  in  the  voltage/stress  on  the  pentode 
grid  it  is  necessary  to  apply  in  FU  of  harmonic  signals  with  small 
nonlinear  distortions,  in  particular  in  the  aperiodic  low-frequency 
amplifiers,  used  in  the  measuring  equipment. 

The  advantage  of  the  method  of  gain  control  in  question  is  a 
small  change  of  the  input  capacitance  of  tube  in  the  alignment 
procedure,  by  deficiency/lack  -  need  for  supply  to  the  pentode  grid 
of  the  considerable  negative  controlling  voltage/stress. 

If  as  UP  transistor  is  used,  then  the  amplification  of 
cascade/stage  by  a  change  in  the  operating  mode  in  the  direct  current 
can  be  regulated: 

1)  by  a  change  in  the  current  of  the  emi-tter  of  transistor  under 
the  effect  of  the  controlling  voltages/stresses  U9  on  the  current 
emitter  (positive  governing)  and  base  current  (indirect  adjustment); 
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2)  by  a  change  in  the  collector  voltage  of  the  transistor  of  the 
adjustable  cascade/stage  under  the  effect  of  voltage/stress  of  ARU  on 
the  collector  voltage/stress  (positive  governing),  the  base  current 
(indirect  adjustment)  and  the  current  of  emitter  (indirect 
adjustment) ; 

3)  by  a  simultaneous  change  in  the  current  of  emitter  and 
collector  voltage/stress  under  effect  U+ 

Systems  of  ARU,  based  on  a  change  in  the  mode/conditions  of 
transistors  in  the  direct— current ,  have  a  series/row  of  specific 
special  features/peculiarities  in  comparison  with  the  electron-tube 
systems  of  ARU.  Their  fundamental  difference  lies  in  the  fact  that 
complete  input  and  output  conductances  of  transistors  are  very  great 
and  are  changed  within  considerable  limits  in  the  control  [27,  42, 

66,  69,  109]. 


Fig.  47.  Characteristics  of  a  tube  of  the  type  SZh9P. 

Key:  (1).  mA. 

Page  168. 

The  corollary  of  this  is  the  decrease  of  the  depth  of  adjustment;  a 
change  in  the  frequency  of  tuning/adjusting,  passband,  energy  factor 
of  the  oscillatory  circuit  and  phase  of  output  signal  in  the  control; 
the  consumption  of  considerable  power  from  the  regulator,  especially 
during  the  positive  governing  in  the  current  of  emitter  and  in  the 
voltage/stress  of  collector/receptacle. 

Let  us  consider  the  diagrams  of  adjustment  from  the  point  of 
view  of  the  efficiency  of  adjustment.  Analyzing  the  input  and  passage 
characteristics  of  transistor  [8],  we  see  that  the  parameters  of 
transistor  and,  consequently*  also  the  transmission  factor  of 
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cascade/stage  considerably  are  changed  for  the  voltages/stresses  on 
the  collector/receptacle  less  than  1  V.  When  tf«>lv;Ln  especia  lly  in 
the  diagram  with  OB,  change  within  large  limits  barely  affects  the 
parameters  of  transistor  and  its  amplifier  properties.  This 
phenomenon  is  analogous  with  a  change  in  the  anode  voltage  of  vacuum 
lamp  of  the  type  pentode. 

For  low  values &h.  when  transistor  works  in  the  saturation  mode, 
characteristic  of  transistor  they  converge  and  they  change 
inclination/slope,  the  amplifier  properties  of  transistor  are 
reduced. 

In  the  diagram  with  OE  the  range  of  change  U„,  in  which  a  change 
of  the  parameters  of  transistor  is  perceptible,  is  considerably  more 
than  in  the  diagram  with  OB.  Therefore  it  is  possible  to  obtain  the 
required  amplitude  characteristic  of  the  adjustable  cascade/stage. 

With  the  low  currents  of  base  and,  consequently,  also  the 
currents  of  emitter,  begins  the  cutoff  conditions  and  the 
amplification  of  transistor  sharply  falls. 

Voltage/stress  on  the  collector/receptacle  with  the 
insignificant  expenditure  of  power  can  be  regulated  by  indirect 
method,  i.e.,  by  the  supply  of  the  controlling  voltage/stress  into 
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the  circuit  of  base.  In  this  case  in  the  circuit  of 
collector/receptacle  it  is  necessary  to  include/connect  the 
sufficiently  high  resistor/resistance  (units  of  kiloohms)  on  direct 
current  [8].  This  method  of  control  can  be  applied  only  with  the 
low-voltage  feed,  which  is  not  always  justified. 

Rather  simple  and  efficient  is  the  method  of  gain  control  a 
change  in  emitter  current  [8].  In  this  case  the  controlling 
voltage/stress  can  be  supplied  both  into  the  emitter  circuit  and  into 
the  circuit  of  base.  With  the  direct  method  of  control  of  the 
adjuster  considerable  power  is  required. 

«c 

For  the  realization  of  FAKh  in  ShDD  it  is  necessary  to  change 

and,  accordingly,  I*  over  wide  limits.  However,  for  a  number  of 
reasons  it  is  necessary  to  limit  these  limits. 

Page  169. 

The  maximum  value  of  collector  cutoff  current  /*.«  in  the  absence 
of  control  signal  is  chosen: 

1)  from  the  condition  of  the  maximum  permissible  power, 
scattered  on  the  collector/receptacle  of  load.  Even  the  insignificant 
heating  of  transistors  due  to  action  I*  can  cause  instability  of  ARU. 
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3ased  on  this  condition,  value  /*.  for  the  transistors  of  types  P401, 

P402,  P403,  P411  and  others  must  be  chosen  in  the  limits  to  10  mA; 

/ 

2)  from  the  condition  of  obtaining  the  minimum  power  of  control; 

3)  on  the  basis  of  reference  data  of  the  parameters  of  the 
hf/VCh  transistors,  which  are  given  for  standard  mode/conditions 

uao  *»  5-  mA; 

4)  from  the  minimally  permissible  current  of 
col lector/ receptacle. 

With  decrease  of  /m-  with  the  decrease  of  conductivity  g21 
conductivities  gl2  and  g2,  are  reduced  also,  with  what  that  value  f». 
is  observed  maximum  relation  ■  i n  which  it  is  possible  to  obtain 

the  maximum  transmission  factor  of  cascade/stage  on  the 
voltage/stress . 

With  the  low  currents  of  collector/receptacle  and  the  large 
signals  the  series/row  of  the  undesirable  phenomena  appears,  basic 
from  which  are  [34]: 

1)  a  deterioration  in  the  temperature  stability  of  the 
adjustable  cascades/stages  as  a  result  of  the  increase  of  the  effect 
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of  the  non-controlled  current  of  collector/receptacle  Aio  on  the  work 
of  diagram.  Value  ^ko  is  considerably  more  than  /„o  for  the  common-base 
circuit,  given  in  the  manuals; 

2)  the  possibility  of  the  transition  of  transistor  into  the 
mode/conditions  of  self-detect ion,  during  which  constant  component  /„ 
increases  with  the  increase  of  signal  and  the  work  of  system  of  ARU 
is  broken  1 . 

FOOTNOTE  l.  The  mode/conditions  of  self-detect ion  is  used  as  useful 
phenomenon  for  the  realization  of  gain  control  chapter  3,  S  2. 
ENDFOOTNOTE . 


For  the  realization  of  assigned  FAKh  it  is  necessary  to  consider  the 
effect  of  self-detection  or  to  remove  it; 

3)  a  sharp  increase  in  the  nonlinear  distortions,  what  is 
undesirable  phenomenon  during  the  amplification  of  the  modulated 
vibrations.  However,  in  FU,  the  intended  for  the  amplification  pulse 
signals,  the  phenomenon  indicated  is  not  substantial. 

For  the  high-frequency  transistors  of  types  P401-P402,  P411, 
P416  and  others  the  small  effect  of  gain  control  by  base  current 
(emitter)  is  achieved  by  a  change  in  the  base  current  from  50-100  yA 
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to  zero,  which  corresponds  to  a  change  in  the  current  of  emitter  from 
3-10  mA  to  zero. 

Page  170. 

If  in  the  circuit  of  collector/receptacle  load  on  the  direct 
current  (load  resistance/resistor  in  the  low-frequency  amplifiers, 
the  resistor/resistance  of  decoupling  filter  in  the  tuned  amplifiers) 
is  connected,  then  with  reduction  in  current  of  emitter  and, 
consequently,  also  the  current  of  collector/receptacle,  in  the 
control  voltage/stress  on  the  collector/receptacle  increases,  in 
consequence  of  which  the  amplifier  properties  of  transistor  are 
improved  and  the  effect  of  control  descends.  Therefore  in  the 
resonance  cascades/stages,  adjusted  by  the  current  of  emitter,  it  is 
necessary  to  apply  series  feed  on  the  circuit  of  collector/receptacle 
and  decoupling  filters  of  the  type  LC. 

Let  us  consider  the  effect  of  a  change  in  the  parameters  of 
transistors  for  the  resonance  frequency  and  the  passband  of 
amplifier.  Let  us  assume  that  the  adjustable  transistor  is  included 
in  multistage  amplifier  and  has  respectively  at  the  input  input 
oscillatory  circuit  and  at  the  output  -  output  circuit.  If  transistor 
is  connected  to  these  ducts/contours  incompletely  with  the 
transformation  ratios  mi  and  m,,  then  input  and  output  resistance 
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introduced  into  the  ducts/contours  and  capacities/capacitances  of 
transistors  are  respectively  reduced  into  and  ma,  times. 

According  to  works!  6,  27,  42,  69]  with  reduction  in  current  of 
emitter  input  resistance  R**.*»>  introduced  into  the  duct/contour, 
increases,  and  the  value  of  introduced  input  capacitance  C«*.  M  is 
reduced,  as  a  result  of  which  input  circuit  is  disturbed/detuned  in 
the  direction  of  higher  frequencies,  and  passband  becomes  narrow.  The 
contraction  of  the  passband  of  duct/contour  is  caused  by  the  fact 
that  a  relative  increase  in  the  general/common/total  resonance 
resistor/resistance  of  R0  of  duct/contour  due  to  increase  /*■*.»■  is 
considerably  more  than  the  relative  decrease  of  total  capacitance  C„ 
of  the  duct/contour,  caused  by  decrease 

Therefore  product  CaR„  with  decrease  /» ;  increases ,  and  passband 
-  is  reduced. 

Analogous  phenomenon  is  observed  also  with  a  change  in  the 
output  parameters  of  transistor,  caused  by  change  /».  As  a  result  of 
an  increase  in  that  introduced  into  the  duct/contour  of 
resistor/resistance  the  passband  becomes  narrow,  and  with 

comparatively  small  decrease  Cltf.  ^  output  circuit  is 
disturbed/detuned  in  the  direction  of  higher  frequencies.  Although 
percentage  change  in  values  Rua  and  is  less  than  JtH  and 
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taking  into  account  that  the  output  circuit  frequently  is  connected 
completely  to  the  collector/receptacle  of  transistor,  the  effect  of 
change  and  cannot  be  disregarded. 

Page  171. 

During  the  gain  control  by  the  decrease  of  voltage/stress  on  the 
collector/receptacle  resistors/resistances  f?M  and  are  reduced, 
and  and  increase,  as  a  result  of  which  passband  of  input  and 
output  circuits  they  are  widened  and  ducts/contours  are 
disturbed/detuned  in  the  direction  of  lower  frequencies.  Thus,  during 
the  adjustment  with  voltage/stress  on  the  collector/receptacle  the 
drift  of  resonance  frequency  and  a  change  in  the  passband  of 
ducts/contours  by  nature  are  opposite  to  the  character  of  a  change  in 
these  parameters  at  the  adjustment  by  the  current  of  emitter. 

If  we  use  combined  gain  control  on  the  current  of  emitter  and 
the  voltage/stress  of  collector/receptacle,  then  it  is  possible  to 
obtain  the  higher  stability  of  the  passband  and  resonance  frequency, 
than  in  the  diagrams  with  the  adjustment  only  by  the  current  of 
emitter  or  with  voltage/stress  on  the  collector/receptacle.  During 
the  combined  gain  control  for  input  circuit  increase/growth  Rtt.ui  and 
decrease  Cu.m  with  decrease  /•  are  partially  compensated  by  decrease 
m  and  increase  Cm. m  with  decrease Cf*  Analogous  phenomenon  is 
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observed  also  for  the  output  circuit.  Since  parameters  R**.  C„  and 
c»»u  nonl  i nearly  depend  on  /•  and £/«,  During  the  appropriate  selection  of 
the  initial  point  of  control  on^n-or  /»  it  is  possible  to  ensure  this 
compensation  to  a  greater  or  lesser  extent. 

From  the  point  of  view  of  the  frequency  stability  of  the  best 
the  diagram  of  simultaneous  gain  control  on  the  current  of  emitter 
and  the  voltage/stress  of  collector/receptacle  is. 

The  schematic  of  the  tuned  amplifier,  adjusted  by  simultaneous 
ones  changing  the  current  of  emitter  and  v'oltage/stress  on  the 
collector/receptacle,  and  its  amplitude  characteristics  are  ^jiven  in 
work  [8]. 

During  the  gain  control  by  a  change  in  the  mode/conditions  of 
transistor  in  the  direct  current  the  reverse/inverse  conductivity  YXJ 
of  transistor  is  changed.  Upon  the  start  of  transistor  on  the  diagram 
with  OE  and  during  the  adjustment  by  base  current  (by  voltage/stress 
conduct ivity  Yxl  insignificantly  depends  on  the  current  strength. 
Therefore  in  the  selective  amplifiers  of  radio  frequency  it  is 
possible  to  use  the  diagrams  of  neutralization. 

Thus,  in  the  implementation  of  FAKh  in  the  transistorized 
amplifiers  it  is  most  expedient  transistors  to  switch  on  on  the 
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diagram  with  OE  and  to  apply  gain  control  by  change  C/»a  (base 
current) . 

During  the  creation  of  FU  with  the  adjustment  by  a  change  in  the 
mode/conditions  of  transistor  in  the  direct  current  appear  the 
further  difficulties,  caused  by  the  essential  dependence  of  the 
parameters  of  transistor  on  changes  in  the  ambient  temperature. 

Page  172. 

Inverse  current  of  the  collector/receptacle  of  the  transition  is  the 
main  factor,  which  are  determining  the  temperature  dependence  of  the 
work  of  transistor, 

/«o(0  *  /hO*1'. 

0  • 

where  7=»(  0 . 06r0 . 08 ) ±0 . 01  deg'1  -  temperature  coefficient  determined 
by  the  properties  of  semiconductor  material. 

For  the  stabilization  of  the  current  of  collector/receptacle  are 
applied  different  diagrams  of  temperature  stabilization,  in 
particular,  with  the  help  of  temperature- independent 
resistors/resistances  and  the  special  thermistors,  connected  with  the 
circuit  of  the  application  of  voltage  of  bias/displacement  on  the 
base  of  transistor.  As  the  temperature  elements/cells  the  thermistors 
of  types  KMT-4,  MMT-4  and  other,  germanium  or  silicon  diodes  in  the 
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dependence  on  the  type  of  transistor  (p-n-p  or  n-p-n)  can  be  used.  It 
is  more  expedient  to  apply  semiconductor  diodes,  since  they  have 
thermal  inertia  identical  to  the  transistors,  while  the  thermistors 
this  property  do  not  possess,  in  consequence  of  which  it  is  necessary 
to  experimentally  select  network  elements  of  the  application  of 
voltage  of  bias/displacement. 

During  the  temperature  stabilization  of  mode/conditions  with  the 
help  of  the  linear  resistor/resistance  of  feedback  /?*  connected  with 
the  emitter  circuit,  the  range  of  adjustment  is  reduced  with  increase 
/f,  [48]  with  the  given  controlling  voltage/stress.  Consequently,  for 
obtaining  the  required  effect  of  gain  control  with  increase  R, it  is 
necessary  to  increase  the  voltage/stress  of  adjustment. 

For  eliminating  the  deficiency/lack  indicated  it  is  proposed  to 
preserve  the  chain/network  of  self-bias  in  the  emitter  circuit,  but 
emitter  to  simultaneously  connect  with  the  output  of  filter  ARU 
through  the  semiconductor  diode,  ensuring  the  increased  depth 
adjustment  of  ARU  and  retaining  the  required  mode/conditions  of  the 
work  of  transistor  [45].  In  the  patent  indicated  are  given  the 
diverse  variants  of  the  fulfillment  of  diagram  of  ARU,  moreover  in 
all  versions  transistor  is  connected  on  the  diagram  with  OB. 

The  special  features/peculiarities  of  the  construction  of 
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channel  of  ARU  are  examined  in  works  [27,  100,  101,  108]. 

For  increasing  qualitative  indices  of  FU  on  the  transistors  are 
applied  the  methods  and  the  diagrams  of  the  adjustments,  which 
earlier  were  not  applied  in  the  vacuum-tube  amplifiers:  the 
controlled  attenuators  (dividers)  and  shunts,  the  adjustable  feedback 
and  so  forth  [30,  81,  85,  97]. 

Page  173. 

S2.  Functional  amplifiers  with  ARU  with  change  in  the  mode  of 
operation  of  UP  on  direct  current. 

ARU  on  control  electrode  of  UP. 

For  the  realization  of  assigned  FAKh  it  is  necessary  to  the 
amplifier  instruments  to  supply  U9,  that  is  changed  in  the  dynamic 
range  according  to  the  law,  which  is  determined  by  type  of  FAKh,  form 
of  passage  characteristic  of  UP  and  by  type  of  system  of  ARU. 

For  developing  the  system  of  ARU  of  functional  amplifier  it  is 
necessary  to  know  dependence  U9  —  / (£/„. p),  from  which  it  is  possible  to 
calculate  the  required  character  of  a  change  in  the  transmission 
factor  -/(#•«.  p)  and  to  fit  the  appropriate  component  elements  of 


VT» 
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where  Um  -  bias  voltage. 

£/«-—  (3-7> 

For  the  tube 

For  the  transistor  of  type  p-n-p 

Vm - V+m  +  U*  (3-8> 

where  U,.m  -  initial  bias  voltage. 

According  to  expression  (2-20)  for  the  synthesis  of  FU  with  ARU 
it  is  necessary  to  have  a  dependence  0(5)  — /(£A*.  I/m).  which  is  the 
function  of  the^  bias  voltage  and  amplitude  of  input  signal.  Such 
dependences  for  the  most  widely  used  approximations  of  passage 
characteristics  of  UP  are  given  in  Table  9. 

Let  us  examine  in  more  detail  the  case  of  piecewise-parabolic 

approximation,  which  with  degree  of  p«l  is  converted  into  the 

piecewise-linear  (polygonal).  In  this  case  (Fig.  48) 

a  —  ut 

Ml-  (W> 

M 

where  U0  -  cutoff  voltage  of  anode  current  for  the  tube. 

FOOTNOTE  l.  Further  index  m  is  omitted.  ENDFOOTNOTE. 


DOC  *  83138009 


PAGE  3 V? 


Bias  voltage 

U9m-U'.m  +  U9-U'.-Un.m  +  U9,  (3-10> 

since  —  —  &•*.*  Substituting  into  expression  (3-9),  we  obtain 


Whence 

<7„ -£/«.■(*  co4  0  — 1).  (3-12> 

Page  176. 

With  the  degree  of  parabola  p*2  (Fig.  48a)  the  initial  section 
of  characteristic  is  approximated  more  accurately.  Therefore  for  more 
precise  calculation  U9  with  the  low  signals  should  be  used 
approximation  with  p=2,  and  with  the  large  signals  -  with  p=l. 

Let  us  consider  the  case  of  the  realization  of  the  most  widely 
used  linear  and  logarithmic. amplifiers  of  harmonic  oscillations. 

Linear  amplifier. 

For  the  linear  amplifier  according  to  expression  (2-20)  must  be 

implemented  the  equality 

<P  (S)  -  0  (Y). 


(3-13) 


'  /  f 
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Then  with  the  square-law  characteristic  of  UP  controlling 
voltage/stress  Uu=0'. 


With  the  exponential  approximation 

4  1  P  l  H)  =  Q  /y\ 
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Fig.  48.  Piecewise-parabol ic  approximation  of  the  characteristics  of 
the  amplifier  instruments :  a)  tube;  b)  transistor. 

Page  177. 


Whence 


.  rr  I  .  1  ■>•<*> 


(3-14) 


where  - //i(/T^»»)  -  modulus /module  of  the  complex  variable 

function  first  order. 


For  the  transistors  of  type  p-n-p  u9  it  is  taken  positive 
polarity,  for  tubes  and  transistors  of  the  type  n-p-n  -  negative. 


In  the  case  of  n-cascade  amplifier,  made  on  the  block  diagram 
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(Fig.  45a),  for  the  i  cascade/stage 

„  ,i,  (iff.,. «.)<*> O') 

^pi-±Tln 


(3-15) 


where  ■*  —  ■  -  the  input  voltage  of  the  amplifier,  with 

which  the  system  of  ARU  operates/wears;  &»-  transmission  factor  of 
cascade/stage.  In  this  case  it  is  assumed  that  all  cascades/stages 
are  identical  and  have  identical  transmission  factor. 


ch 

The  system  of  ARU  of  the  ir  cascade/stage  must  operate/wear  with 

Til 

output  potential  of  the  cascade/stage 

Um%.  p  i  ■  —  U am  4  a  —  & XU as.  *• 


The  transmission  factor  of  regulator  during  the  supplying  of  the 
voltage/stress  of  delay  on  the  amplifier  of  regulator  according  to 
expressions  (3-1)  and  (3-3)  in  the  alignment  procedure  must  be 


changed 


(3-16) 


Generalized  curves  /3=*f(a)  and  $  =  f(  ot)  on  the  assumption  that 
load  cascade  constant,  i.e.,  0(10  — 1,  are  given  in  Fig.  49:  Curves  can 
be  used  for  calculation  U9  and  K9  for  different  amplifier 
elements/cells  and  values  of  the  transmission  factor  of  cascade/stage 
K. 


Curves  C/p  —  and  Kt  —  f(U„)  for  the  different  values  y  and 

are  given  in  Fig.  50.  From  the  figures  it  is  evident  that  dependences 
U9  —  f(CJtx)  in  form  call  to  mind  the  transfer  characteristics  of 
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detector,  in  consequence  of  which  it  is  possible  to  realize  linear 
amplification.  It  is  obvious  that  to  combine  the  objective  parameter 
of  regulator  U9  =■  /(£J«.p)  with  that  required  is  possible:  along  the  axis 
of  ordinates  by  a  change  in  the  transmission  factor  ^p.r  of  the 
amplifier  of  regulator,  along  the  axis  of  abscissas  -  by  change  in 
voltages/stresses  U*  and  Un. p  (latter  is  realized  with  the  help  of  the 
divider,  connected  at  the  input  of  detector). 

Page  178. 

Let  us  consider  the  possible  dynamic  range  of  the  linear  AKh  of 
the  amplifier,  made  on  the  high-frequency  transistors  of  types 
P416-P417,  for  which  7*(10-15). 

It  is  virtually  established/installed,  that  the  maximum  input 
surge  voltage  of  radio  frequency  on  the  input  of  the  cascade/stage, 
made  on  the  transistors  of  types  P416-P417,  must  not  exceed  0.5-1  V. 
If  we  take  U,x. 1  V,  then  when  7  —  10  «-1H0  =>  iu;  when  7  =  15  a*,,,,.  15.  If 

we  take  the  transmission  factor  of  cascade/stage  £*  **  W,  then  with  7=10 

Ch 

we  will  obtain  values  a“»"°  for  the  i-  cascade/stage  of  four-stage 
amplifier,  given  inTable  10. 

From  the  table  and  the  figures  it  is  evident  that  in  the  first 
and  the  secondly  cascades/stages  a  gain  control  in  practice  realized 
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must  not  be.  However,  the  dynamic  range  of  amplifier  is  very  small. 
Therefore  should  be  performed  the  amplifier,  which  consists  of  one  or 
maximum  of  two  adjustable  cascades/stages. 

Experimental  data  with  an  accuracy  (in  limits  of  10-15%) 
sufficient  for  the  practice  coincide  with  the  calculated  ones. 
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Fig.  49.  Generalized  dependences:  1  -  /3=f(a);  2  -  $  =  f(a). 

Fig.  50.  Curves  of  dependences  for  linear  amplifier  with  ARU: 

-  Up-/(U„J; - Jip  -/(U,*)- 


Table  10. 


i 

4 

3 

3 

1 

3  IMHO 

to 

1 

0.1 

0.01 

KMC  * 

1 

0.1 

0.01 

0.001 

Page  179. 

On  the  basis  of  theoretical  and  experimental  studies  it  is 


possible  to  do  the  following  conclusions: 
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1)  with  the  help  of  ARU  in  the  single-stage  transistor  amplifier 
linear  AKh  can  be  obtained  to  input  voltage  on  the  order  of  0.5-1  V; 

2)  with  an  increase  in  the  number  of  adjustable  cascades/stages 
the  upper  limit  of  the  dynamic  range  of  the  linear  AKh  of  amplifier 
is  reduced. 

Logarithmic  amplifier. 

With  square-law  characteristic  UP  according  to  expression  (2-20) 
and  Table  9  for  the  amplifier,  made  on  the  block  diagram  (Fig.  45), 

Solving  equation  relative  to  voltage/stress  we  obtain 

where 

4  =  (a,— 2a,tfe.,)<p(y). 

Expression  (3-18)  is  correct  for  any  FU  with  the  substitution  of 
the  corresponding  values  z. 

As  a  result  of  the  calculations  conducted  and  experimental 
research  it  is  establ ished/ installed,  that  with  the  square-law 
characteristic  of  amplifier  instrument  with  the  help  of  ARU  back  due 
to  a  small  adjustable  section  of  characteristic  UP  successive  work  of 
cascades/stages  and,  consequently,  also  precise  LAKh  can  be  realized 
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in  the  two-stage  maximum  in  the  three-stage  amplifier. 

With  the  help  of  the  system  of  ARU  to  in  practice  realize  the 
forward  successive  work  cf  cascades/stages  is  very  difficult,  since 
in  this  case  the  transmission  factor  of  regulator^  in  the  alignment 
procedure  must  always  be  changed  according  to  the  complicated  law  in 
the  direction  of  decrease. 

To  considerably  more  easily  realize  LAKh  in  the  multistage 
amplifier,  made  on  the  block  diagram  in  Fig.  45,  in  which  the 
amplification  is  regulated  simultaneously  in  all  cascades/stages. 

Page  180. 

In  this  case  the  running  transmission  factor  of  cascade/stage  must  be 
described  by  expression  (1-128),  calibrated  AKh  -  by  expression 
(1-132),  -and  the  controlling  voltage/stress 

(S-19) 

where  X  and  Z  -  standardized/normalized  input  and  output  voltages  of 
amplifier. 

Curves.  ^p*»/(Z),  calculated  by  f  ormula  .  ( 3-19 )  for  different  number 
of  adjustable  cascades/stages  n  and  on  the  assumption  that  <*>(10=1, 
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are  given  in  Fig.  51.  During  the  calculation  the  approximation  of  the 
characteristic  of  tube  SZhlP  [12] 

20+9<^  -f<Ji  Po.i“  —  1  •;  a»l. 


is  accepted.  From  the  curves  in  Fig.  51  it  is  evident  that  with  an 
increase  in  the  number  of  adjustable  cascades/stages  desired  value  U9 
is  reduced  and  dependence  U9=*f(Z)  approaches  linear,  which  indicates 
the  possibility  of  the  practical  realization  of  precise  LAKh  in  ShDD. 
For  the  diagram  for  Fig.  45d,  transmission  factor  K*  one  should  design 
from  the  formula 


(3-20) 


As  we  see,  for  the  realization  of  precise  LAKh  with  the  help  of 
ARU  back  with  the  simultaneous  adjustment  in  all  cascades/stages  with 
the  square-law  characteristic  of  UP  it  is  necessary  to  take  a  number 
of  adjustable  cascades/stages  not  less  than  4-5. 


With  polygonal  approximation  (p=l)  with  the  strictly  successive 
work  of  stages  of  the  amplifier,  made  on  the  diagram  in  Fig.  45a 


(3-21)/ 
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Fig.  51.  Curves  of  the  dependence  of  the  controlling  voltage/stress 
with  different  number  of  adjustable  cascades/stages  n. 

Page  181. 

Expression  (3-21)  is  transcendental  and  can  be  solved 
graphically.  After  equation  (3-21)  is  solved  relative  to  0,  from 
formula  (3-12)  the  dependence 

l  -  jr2—  -  /  (*)  or  Up -/{*). 

is  calculated.  The  normalized  curves  r?  =  f(z),  designed  for  the 

different  values  of  coefficient  of  a,  d»10  and  when  <D(Y)  —  i,  are  given 
in  Fig.  52.  From  the  curves  it  is  evident  that  the  dependence  rj=>f(z) 
is  first  nonlinear  (with  the  work  of  cascade/stage  in  the  logarithmic 
mode/conditions)  and  then  -  linear  (with  the  work  of  cascade/stage  in 

t 

the  quasi-linear  mode/conditions). 
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It  is  easy  to  obtain  required  dependence  Uf=  t(U„.9)  with  the 
help  of  the  regulator,  which  consists  of  the  linear  dc  amplifier  and 
detector  with  the  variable  transmission  factor  with  the  low  signals. 

To  considerably  with  more  difficulty  realize  precise  LAKh  during 
the  simultaneous  gain  control  in  all  cascades/stages.  In  this  case 

t(®"T  sln  ®)  (3-22) 

The  voltage/stress  of  adjustment  for  the  i  cascade/stage 

Ufi  » t/ui  so*  8  +  Ua*.  (3-23) 

i— I 

where-  u%xi « xUt%  „££“*  j  "  “  voltage  of  signal  on  the  input  of  the  i-rA 
cascade/stage . 

From  expression  (3-23)  it  is  evident  that  the  value  and  the  law 
of  a  change  in  the  controlling  voltage/stress  are  different  for 
different  cascades/stages,  that  it  is  possible  to  realize  only  in  the 
amplifier,  made  on  the  block  diagram  (Fig.  45c). 


With  the  approximation  of  characteristic  UP  by  exponential  curve 
and  the  successive  work  of  nonlinear  cascades/stages  (Fig.  45a) 


1  w*) 


DOC  *  83138010 


PAGE  32* ! 


Page  182. 

The  generalized  curves  j3=f(z)  for  different  values  *« 
with  a=l,  K*  =  10  and  <&(Y)=1  are  given  in  Fig.  53.  From  the  curves 
it  is  evident  that  the  adjustment  for  values  =0.1-0. 2  is 

actually  realized,  when  dependence  0=f(z)  at  values  of  z=l-3.3  (which 
corresponds  to  logarithmic  mode/conditions)  has  nonlinear  dependence, 
and  when  z>3.3  -  linear.  When  ««  >0.2  the  function  /3=f(z)  approaches 
exponential,  which  indicates  the  possibility  of  realization  of  LAKh 
with  the  help  of  ARU  forward  with  the  proportional  regulator,  when 
a, <0.1  -  dependence  /3=f(z)  has  complicated  character. 

Consequently,  in  the  implementation  of  LAKh  with  the  help  of  ARU 
back  necessary  to  choose  value  <*«  =0.1-0. 2;  in  the  implementation 
of  LAKh  with  the  help  of  ARU  forward  -  to  take  value  aB>Q^3. 

If  we  take  7*15,  K n  —  to  and  a„=»0,l.  then  £/.*.»♦  =6  mV.  Then  the 
cutoff  voltage,  which  must  be  fed  to  the  detector  of  regulator, 

*■  U m. 60  mV. 

A  successive  work  of  the  adjustable  cascades/stages  also  can  be 
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carried  out  in  the  amplifier,  made  on  the  block  diagram  (Fig.  45c), 
if  we  to  the  detectors  of  regulators  feed  the  cutoff  voltages: 

+  (3-25) 

where  i  -  the  reference  number  of  cascade/stage  with  the  reading  from 
the  end/lead. 


During  the  simultaneous  gain  control,  when  the  identical  law  of 
a  change  in  the  transmission  factors  of  cascades/stages  is  satisfied, 
variable  voltage  for  the  i  cascade/stage  of  an  n-stage  amplifier 
(with  the  reading  from  the  first  cascade/stage) 


£/p*  =  JLln 


y^"-1 Mi) 


(3-26) 


Curves  Uv~f(X),  calculated  by  formula  (3-26),  are 
approximately/exemplarily  linear  and  have  different 
slope/transconductance.  Greatest  slope/transconductance  for  the 
latter/last  cascade/stage. 
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Fig.  53.  Generalized  curves  with  the  experimental  characteristic  of 
UP. 

Page  183. 

It  is  not  difficult  to  see  that  precise  LAKh  in  this  case  can  be 
realized  with  the  help  of  ARU  forward  in  the  amplifier,  made  on  the 
block  diagram,  analogous  to  the  block  diagram,  depicted  in  Fig.  45c. 
For  ARU  back,  made  on  the  diagram,  represented  in  Fig.  45c,  d,  LAKh 
can  be  realized  with  the  simultaneous,  but  not  identical  work  of  the 
adjustable  cascades/stages.  The  calculation  of  the  modes  of  operation 
of  such  cascades/stages  is  very  complex. 

Tentatively  diagram  of  ARU,  made  on  the  diagram  for  Fig.  45c, 
can  be  designed  as  follows.  First  they  calculate  from  formula  (3-26) 
of  dependence  U#  -/ (Z),  which  have  exponential  character.  Curves 
tfpt  — /(Z)  approximate  by  inclined  straight  lines,  on  which  the 
required  transmission  factors  K#  of  regulators  are  determined.  The 
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final  fitting  of  amplifier  with  LAKh  is  realized  experimentally  by  a 
change  in  the  transmission  factor  Kp*.  of  cutoff  voltages  and  initial 
modes  of  operation  of  UK. 

The  obtained  relationships/ratios  can  be  used  during  the 
amplification  of  pulse  and  continuous  harmonic  signals  for 
calculating  the  amplifiers  of  the  bases  of  self-bias.  During  _t he 
amplification  only  of  pulse  radio  signals  it  is  possible  to  calculate 
amplifiers,  also,  with  the  self-bias. 

During  the  calculation  of  the  controlling  voltage/stress  in 
amplifiers  with  the  self-bias,  intended  for  ampl ify ing -the  continuous 
harmonic  oscillations,  it  is  necessary  to  consider  the  reaction  of 
the  circuit  of  self-bias  (in  the  vacuum-tube  amplifiers)  or  circuit 
of  heat  stabilization  (in  the  transistor  amplifiers).  Character  and 
degree  of  reaction  depends  on  the  form  of  passage  characteristic  of 
UP  and  value  of  the  reinforced  signal.  With  the  increase  of  signal 
from  some  specific  signal  level,  ARU  due  to  the  nonlinearity  of 
passage  characteristic  of  UP  comes  into  action.  As  a  result  is 
observed  the  combined  gain  control  of  cascade/stage  both  due  to  Uv, 
that  coming  from  regulator  and  due  to  a  change  in  the  voltage/stress 
of  self-bias,  caused  by  a  change  in  the  constant  component  of  anode 
(collector)  .current. 
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Functional  amplifiers  s  to  are,  based  on  the  nonlinearity  of  the 
characteristics  of  amplifier  instruments. 

Principle  of  the  operation  of  diagram. 

The  automatic  gain  control  due  to  the  nonlinearity  of  UP  can  be 
used  in  the  amplifiers  of  harmonic  oscillations  both  on  the  tubes  and 
on  the  transistors. 

Page  184. 

The  simplified  circuits  of  cascades/stages  with  ARU,  based  on  the 
nonlinearity  of  UP,  are  depicted  in  Fig.  54.  Cascades/stages  can  be 
made  on  any  of  the  amplifier  circuits,  given  in  Fig.  54,  or  on  one  of 
the  cascode  diagrams.  However,  in  all  diagrams  must  be 
general/common/total  element/cell  -  sufficiently  high  controlling 
resistor/resistance  R,  on  which  the  constant  component  of 
voltage/stress  AU,  caused  by  nonlinearity  of  UP,  is  selected. 

In  the  case  of  transistor  amplifiers  the  controlling 
resistor/resistance  in  principle  can  be  connected  with  the  emitter 
circuit  or  base,  but,  for  representing  an  improvement  in  the 
temperature  operational  stability,  it  should  be  switched  on  oniy  in 
the  emitter  circuit  in  any  circuit  diagram  of  transistor. 
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The  diagram,  depicted  in  Fig.  54c,  differs  from  diagrams  by  54a, 
b  and  d  only  in  terms  of  the  polarities  of  the  voltages/stresses, 
applied  to  the  electrodes  of  transistor,  and  to  opposite  directions 
of  the  direct  currents,  flowing  on  the  circuits  of  diagram. 

In  the  external  outline  the  diagrams  in  question  do  not  differ 
from  the  usual  diagrams  of  selective  cascades/stages  with  the 
self-bias  (or  temperature  compensation  for  the  transistors). 
Difference  consists  of  the  values  of  elements/cells  R  and  C  of  the 
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nonlinearity  of  the  characteristics  of  amplifier  instruments  with 
common:  a)  cathode,  b)  grid;  c)  emitter;  d)  base. 


Page  185. 

The  high  resistor/resistance  R,  connected  with  the  circuit  of 
self-bias,  is  shunted  by  capacity/capacitance  C,  whose  value  is 
selected  so  that  its  resistor/res istance  for  the  reinforced 
high-frequency  signals  is  small,  and  for  the  signal  amplitude 
envelope  (by  slowly  varying  component  of  signal  current)  -  very 
large.  In  the  absence  of  signal  on  the  input  of  the  cascade/stage 
through  resistor/resistance  of  R  the  direct  current  of  amplifier 
instrument  (cathode  or  emitter)  flows/occurs/lasts  and  on  it  is 
selected,  large  direct/constant  voltage  U,  which  by  negative 
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(diagrams  a,  b,  c  in  Fig.  54)  or  positive  (diagram  c  in  Fig.  54) 
potential  is  applied  to  glass  of  tube  or  to  the  base  of  transistor. 
For  compensation  U  and  creation  of  normal  bias  voltage  Um  or 

U%.t)  into  the  circuit  of  the  grid  of  tube  (or  the  base  of 
transistor)  the  compensating  source  of  positive  (negative)  voltage  E 
with  the  low  internal  resistor/resistance  is  connected. 

The  low  internal  resistor/resistance  of  source  E  is  necessary 
for  the  exception/elimination  of  effect  on  the  work  of  the  system  of 
ARU  of  grid  (on  the  high  signal  levels)  or  base  current,  and  also  for 
increasing  the  operational  stability  of  transistor  diagram  with  a 
change  in  the  ambient  temperature.  The  value  of  voltage/stress  E  for 
the  transistor  amplifiers  is  chosen  from  the  condition 

(3-27) 

for  the  electron-tube  ones  - 

+  1  — (3-28) 

where  U*  -  initial  voltage/stress  on  resistor/resistance  of  R  in 
the  circuit  of  self-bias  with  absence  of  signal;  •  -  initial  bias 

voltage. 


For  the  transistor  voltage  amplifiers  u^m  is  chosen  by  the 
usual  method,  on  the  basis  of  the  specifications  of  transistor,  given 
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For  the  vacuum-tube  amplifiers  the  operating  point  is  chosen  not 
on  the  middle  of  the  linear  part  of  the  passage  characteristic  at  the 
point  of  the  greatest  slope/transconductance,  as  is  done  in  usual  UK, 
but  on  the  lower  part  of  the  linear  section  of  characteristic..  In 
this  case  the  control  of  the  amplification  of  cascade/stage  begins 
with  comparatively  small  input  voltage  and  at  the  same -time  is 
preserved  the  sufficiently  large  amplification  of  low  signals. 

Page  186. 

The  automatic  gain  control  in  the  diagram  occurs  as  follows. 
During  the  amplification  of  low  signals  (for  transistor  amplifiers 
Um<  1°  mV)  the  amplifier  works  in  the  linear  conditions,  since  the 
nonlinearity  of  characteristic  of  UP  is  not  manifested  and  the 
constant  component  of  cathode  (emitter)  current  is  not  changed,  with 
an  increase  in  the  amplitude  of  input  signal  the  nonlinearity  of 
characteristic  of  UP  is  manifested  and  the  constant  component  of 
cathode  /«.■  (emitter  /«,u)  current  increases.  Direct/constant 
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voltage  U  on  resistor/resistance  of  R  and  bias  voltage  in  the 
vacuum-tube  amplifier  (Fig.  48)  increases,  and,  on  the  contrary,  is 
reduced  bias  voltage  in  the  transistor  amplifier,  operating  point  A 
is  displaced  to  the  left,  average/mean  mutual  conductance  and 
transmission  factor  of  cascade/stage  are  reduced.  With  a  considerable 
increase  in  amplitude  of  input  signal  the  cascade/stage  passes 
into  the  operating  mode  with  the  cutoff  of  cathode  (emitter)  current. 

During  the  amplification  of  radio  pulses  on  resistor/resistance 
of  R  is  developed  a  voltage  of  the  detected  video  pulse  (pulse 
envelope) ,  which  is  the  voltage/stress  of  ARU.  The  speed  of  gain 
control  depends  on  values  of  R  and  C.  It  is  obvious  that  for  the 
realization  of  ARU  in  the  pulse  amplifier  the  time  of  the  charge  of 
capacity/capacitance  C  must  be  considerably  less  than  the  duration  of 
pulse  t„. 

The  effect  of  the  control  of  amplification  is  determined  by 
value  R,  slope/transconductance  and  curvature  of  passage 
characteristic  of  UP.  Initial  slope/transconductance,  in  turn, 
depends  on  value  (7C.«-  The  greater  the  resistor/resistance,  the 
greater  the  effect  of  control. 

Thus,  in  tne  diagram  in  question  are  combined  the  functions  of 
the  amplification  of  the  high-frequency  oscillations  and  detection. 
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Because  of  this  there  is  no  need  for  applying  special  detector  and  dc 
amplifier  in  the  circuit  of  gain  control.  In  the  diagram  is  realized 
local  ARU,  whose  operating  speed  in  UK,  made  on  the  tube  or  the 
high-frequency  transistor,  can  be  obtained  sufficiently  high. 

Analysis  of  the  work  of  amplifier. 

As  a  result  of  analysis  it  is  necessary  to  define  ho\>  the 
transmission  factor  of  cascade/stage  with  a  change  of  the  input 
signal  in  ShDD  is  changed,  i.e.,  what  form  of  the  amplitude 
characteristic  of  cascade/stage  depending  on  the  initial  position  of 
operating  point  (from  the  value  of  voltage/stress  Ue.  „)  and  value  of 
resistor/resistance  R.  For  this  it  is  necessary  to  define  how  the 
constant  component  of  cathode  (emitter)  current  and  the  fundamental 
harmonic  of  anode  (collector)  current  in  the  dependence  on  the 
amplitude  of  input  signal  is  changed. 

Page  187. 

Let  us  analyze  for  two  most  widely  used  approximations  of 
passage  characteristic  of  UP:  quadratic  (for  the  amplifier  on  the 
tube  with  the  common  cathode)  and  exponential  (for  the  transistorized 
amplifier  with  the  general/common/total  emitter).  In  this  case  we 
will  consider  that  UP  are  inertia-free.  Subsequently  let  us  take  into 
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account  their  inertness  during  the  analysis  of  transistor  amplifier. 

Quadratic  approximation  of  passage  characteristic  of  UP.  As 
shown  in  works  [8,  11,  12],  by  the  polynomial  of  the  second  power  in 
the  defined  section  it  is  possible  to  approximate  the  characteristic 
of  both  the  tube  and  the  transistor.  For  the  tube  this  approximation 
is  suitable  in  the  larger  measure.  Therefore  let  us  analyze  in 
connection  with  amplifier  on  the  tube,  connected  with  the  common 
cathode. 

However,  the  obtained  conclusions/outputs  will  be  accurate  both 
for  the  transistorized  amplifier  of  type  n-p-n  and  also  for  the 
transistorized  amplifier  of  type  p-n-p  only  taking  into  account  the 
signs  of  voltages/stresses  in  accordance  with  formula  (3-27). 

Total  voltage/stress,  which  functions  at  the  input  of 
cascade/stage  (Fig.  54a), 

e>  -«„(<)  +  U.  (3-29) 

With  input  signal  «ai  (<)  —  Um  for  the  cathode  current 

/«-(••  +  «« (£  —  £/)  +  **(£  —  U)'  +  0.5«,£/'m|  + 

-|-  [at  +  2a*  (£  —  U)\  Um  cos  bit  -j-  0,50,^  cos  2 ut.  (3-30) 

Constant  component  (more  accurately,  slowly  changing)  /«. ».  the 


DOC  =  83138010 


PAGE  333 


amplitude  of  the  first  l*\  and  the  second  /„*  of  the  harmonics  of 
the  cathode  current 

/«.  a  -  ««  +  a,  (E  -  U)  +  a,  (E  -  U)  0,50,^;  (3-31) 

/»«  »  l*»  +  2a,  (£  —  U)\Um\  (3-32) 

Im  *  0,5a,£/ m.  (3-33) 

The  first  and  second  harmonics  without  difficulty  pass  through 
capacity/capacitance  C,  without  creating  on  it  noticeable 
voltages/stresses .  The  constant  component,  passing  through  nucleus 
CR,  creates  on  it  the  voltage/stress,  which  increases  in  the  value  in 
proportion  to  the  charge  of  capaci ty/capacitance  C.  Charge  rate  C 
determines  operating  speed  of  ARU. 

Conservative  value  of  voltage/stress  U 

U=>  U  Ji.  (3-34) 

Page  188. 


Expressions  (3-31)  and  (3-32)  are  transcendental  and  cannot  be 
solved  analytically  relatively  /*.■  and  An-  For  determination  /« t 
at  the  given  value  of  the  amplitude  of  input  voltage  let  us 
compose  the  equation  of  Kirchhoff  for  the  cathode  circuit  (Fig.  54a) 
and  will  solve  him  relative  to  conservative  value  of  voltage/stress 
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U: 


Ac  a  (0  *■  Ir  (0  4*  /«  (*)«  (3-35) 


where  A*(0  -  slowly  changing  current  through  resistor/resistance  of 

R;  A(0  -  slowly  changing  current  through  capacity/capacitance  C. 
Since 

- - .  .  fn(t)-Zjp  m  I,(t)-C%. 

taking  into  account  expressions  (3-31)  and  (3-35),  we  obtain 
rdU  ,  u 

^  +  +  + «,(£-#)»  + 0,5«,iC 

After  introducing  designation  e~U  —  Ua,  » *  and  taking  into 
account  that 

dt' 


finally  we  obtain 


c%  -  +  («,  +  £)  +  («,  -  4  +  «■.#.) . 


In  steady-state  mode/conditions  *=»*7  and  tL z. 

dt 


+  («i  +  -*)*» +  +  0,5a,  C,'^) 


(3-36) 

0.  Therefore 

-0. 


Whence 
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Xn  the  absence  of  the  voltage  of  signal  0~m**Q  and  z  =•  *« — 


V, 


c.  m 


a. ,  -  x.  -  - (“ + ~*L+  V.  L z (-  • - ii .  (3-38) 

Thus,  voltage/stress  Uou  in  the  control  varies  from  U 0. ■  to 
Ua.r  After  substituting  expression  (3-37)  in  (3-32),  we  will  obtain 
formula  for  calculating  the  value  of  the  fundamental  harmonic  of 
cathode  current  with  the  given  amplitude  of  the  input  signal 

/„i  *  um[-  4 + V  (*i + 5T  - 4ft*  (*• -  4) "  ' l3_39) 


Page  189. 


It  is  necessary  to  note  that  from  formula  (3-39)  it  is  possible 
to  calculate  amplifiers  for  comparatively  low  input  signals 

2«-  for  the  vacuum-tube  amplifier; 

Umn  <  </«.«  — t7ow0_,2f  -  for  the  transistor).  With  high  levels  of  the 
signal,  when  UP  works  with  the  current  cutoff,  it  is  expedient  to 
approximate  passage  characteristic  by  the  broken  straight  line  (Fig. 
48)  with  p-1. 


Let  us  find  the  connection/communication  between  current  /«.B 
and  angle  of  cutoff  9,  for  which  let  us  register  the  equation  of  the 

cathode  characteristic: 

tn  -  3,  (Uo  +  Uj  -  Sn  {Uo  +  E  -  /,.  aR  +  um  co»  mt) ,  (3-40) 
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where  S*»tga  -  slope/transconductance  of  cathode  characteristic. 


The  dc  current  component  /«.«  during  the  resolution  of  current 
W  in  Fourier  series 


I*,  a 


r+rw 


(3-41) 


After  taking  in  formula  (3-40)  cjt*0, 

r  _  Ua  +  B+Umot»i 
- • 


we  will  obtain 

(3-42) 


During  the  joint  solution  of  equations  (3-41)  and  (3-42) 


rr  _ 4- 

U~  **  »ln  4 —  co«V 


(3-43) 


For  the  transistor  of  type  p-n-p  (according  to  Fig.  48b) 


—  <S»  (-— ' U*  4*  *>)» 
r  — #0  4-  ^  4"  CO*#  . 

-  -g  , 

rr _ 

Um  J,  Aaint— (m  +  i.A)  coat' 


(3-44) 

(3-45) 

(346) 


Dependences /(t^« ■*) and  «  f(Umn)  f or  the  tube  on  the  high 
signal  level  are  calculated  in  the  following  order.  First  by  formula 
(3-43)  is  found  dependence  ^»“/.(0K  being  assigned  by  values  B,  and 
then  according  to  formula  (3-41)  or  (3-42)  for  given  values  Um  and 
6  is  calculated  conductivity  /*. n  «*  / (9). 
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Page  190. 

After  this  from  tabular  values  of  the  coefficients  of  expansion  a,  (8) 
by  constant  component  and  a! (8)  of  the  fundamental  harmonic  of  anode 
current  are  calculated  dependence  Ui  —  and  then  amplitude 
characteristic  of  cascade/stage  according  to  the  formula 

=  I^Ro,  (3-47) 

where  — /3|  =» (0,75 -j- 0,8) /K(  -  amplitude  of  the  fundamental  harmonic 

of  anode  current;  Ra  -  the  total  resistance  of  load. 

For  the  transistors  the  calculation  is  carried  out  analogously. 

During  the  calculation  of  AKh  of  the  cascade/stage,  loaded  to 
the  analogous  adjustable  cascade/stage,  one  should  remember  that  its 
load  is  shunted  by  the  input  resistance  of  the  following 
cascade/stage,  which  is  changed  with  an  increase  in  the  signal. 

Calculated  curves  of  the  dependence  of  the  bias  voltage  and 
fundamental  harmonic  of  anode  current  for  the  tube  6Zh3P  at  two 
values  of  initial  bias  voltage  and  different  values  of 

resistor/resistance  of  R  are  depicted  in  Fig.  55.  The  same  figure 
shows  the  experimental  points,  which  coincide  sufficiently  well  with 
the  calculated  ones. 
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Being  congruent/equating  Fig.  55b  with  Fig.  13,  we  see  that 
curves  /«i“ /(</,,)  by  nature  coincide  sufficiently  well  with  the  curves 
z=f(x)  for  the  logarithmic  amplifier.  Therefore  it  is  possible  to 
carry  out  a  successive  work  of  cascades/stages  and  to  obtain  precise 
LAKh  of  multistage  amplifier  in  ShDD. 
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Fig.  55.  The  curves  of  the  change:  a)  bias  voltage;  b)  the 
fundamental  harmonic  of  the  anode  current  of  tube  6Zh3P  in  the 
dependence  on.  the  amplitude  of  input  voltage  tU«  =220  c;  u»  =150  c). 

Key:  (1).  kiloohm. 

Page  191. 

Being  assigned  a  different  value  of  the  resistors/resistances  of 
plate  load,  from  curves  /«i  =■/(#««)  several  sets  of  amplitude 
characteristics  of  cascade/stage  calculate,  choosing  that 
characteristic,  which  satisfies  the  successive  work  of 
cascades/stages.  However,  it  is  necessary  to  note  that  with  the  large 
input  signals  the  characteristic  of  cascade/stage  sharply  is  bent  due 
to  by-passing  of  the  following  cascade/stage,  in  consequence  of  which 
the  extent  of  the  quasi-linear  section  of  characteristic  is  limited. 


DOC  =  83138010 


Therefore  it  is  not  possible  to  carry  out  a  successive  work  of  more 
than  three  (maximum  of  four)  cascades/stages  and  to  obtain  precise 
LAKh  in  the  range  of  more  than  50-60  dB.  The  schematic  of  logarithmic 
amplifier  is  given  in  Fig.  56.  Parameters  of  amplifier  at  the  work  in 
the  linear  conditions:  fa=30  MHz;  K0=1Q3;  n=1.2  MHz  with  the  work  in 
the  logarithmic  mode/conditions:  D*60  dB;  the  slope/transconductance 
of  LAKh  or=0.3  V/dB;  accuracy  of  LAKh  511*3%. 
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Fig.  56.  Basic  schematic  of  logarithmic  amplifier  with  ARU  on  pulse 
envelope:  Lw  L,  -  6ZhlP;  Rz,  R2/  R4,  R,  -  2  kiloohm;  Rt-10  kiloohm 
R 2 -150  ohm;  1-3.3  kiloohm;  Cw  C4,  Cls  -  300  pF;  C3,  C12  -  180  pF; 
Cj ,  C 4 ,  Cj/  C 4  ...  —  3200  pF . 

Key:  { 1 ) .  In. 

Page  192. 

The  advantages  of  the  schematic  of  logarithmic  amplifier  with 
ARU  due  to  the  nonlinearity  of  the  characteristic  of  the  tube: 

1)  the  high  stability  of  the  parameters  of  amplifier,  which  is 
ensured  by  a  deep  negative  feedback  (OOS)  in  the  direct  current  and 
by  the  absence  of  nonlinear  semiconductors; 
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2)  the  short  time  of  gain  control,  which  does  not  exceed  the 
tenths  of  microsecond; 

3)  the  small  overall  sizes  of  amplifier,  equal  to  the  overall 
sizes  of  usual  selective  amplifier. 

With  an  increase  of  resistor/resistance  of  R  in  the  cathode 
circuit  the  bend  of  amplitude  characteristic  increases,  in  this  case 
the  action  of  the  destabilizing  factors  sharply  descends.  With  the 
scatter  of  the  parameters  of  tubes  to  30%  factor  of  amplification  of 
cascade/stage  in  the  linear  conditions  remain  in  effect  constant,  and 
the  form  of  amplitude  characteristic  is  changed  insignificantly. 
Because  of  this  it  is  possible  to  fulfill  multistage 
amplifier-limiter  with  the  sufficiently  rigid  and  stable  limitation 
in  ShDD  under  the  influence  of  different  destabilizing  factors 
(change  in  the  anode  voltage,  filament  voltage,  temperature,  etc.). 

In  particular,  the  logarithmic' ampl if ier  with  the  addition  of  the 
detected  voltages/stresses,  whose  schematic  diagram  is  given  in  Fig. 
74,  on  the  output  of  detector  is  amplifier-limiter. 

Approximation  of  the  passage  characteristic  of  amplifier 
instrument  by  exponential  curve.  Since  exponent  to  the  greatest 
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extent  answers  the  passage  characteristic  of  the  transistors,  let  us 
consider  diagram  of  ARU  in  the  transistorized  amplifier,  connected  on 
the  common-emitter  connection,.  The  controlling  resistor/resistance  R 
is  connected  with  the  emitter  circuit. 

Then  for  the  emitter  characterist ic 

/,  =»  A*e >eiy«  o «•  w,  (3-48) 

Constant  component  and  fundamental  harmonic  of  emitter  current 
according  to  expressions  (2-76)  and  (2-77) 

/..a  =*  •/,  (t  V  J;  (3-49) 

-2^u»  «/i(TC7.t),  (3-50) 

where  7,(TC7m)  =» /,(/* r£7m)  and  ix (Tt/m)  =■  — /A tfti/m)  -  modul  i /modules  of  complex 
variable  functions. 


Since 


and 

it  is  possible  to  register 


(3-51) 


(3-52) 


(3-53) 


wpwpwf  *-'W  *«, '  w**  -^XV  M.  '.J-' . 1  -'. 1 


J  ■  J  ■  !  J"l" 
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Page  193. 

Expression  (3-52)  is  transcendental.  Approximate  analytical 
solutions,  and  also  methodology  of  the  graphical  solution  of  this 
equation  are  given  in  work  [8].  Approximate  solutions  relative  to 
voltage/stress  have  the  following  expressions: 


U  ,  —•  11.17  —  1*  +  2,2  — k\+  + 

(3-54) 


where 


* -In  A*RI 0  m); 

„  _  T*  +  0.88  +  In  A,IUt  (yUm) 

u - 7TW - ■ 


(3-55) 


For  g >  ua  flt  which  very  frequently  is  performed,  equation  (3-52) 
relatively  J7»a  to  solve  is  comparatively  simple.  After  taking  in 
expression  (3-52)  |  £|  >  |  </,.  9 1,  it  is  disregarded  by  value  U,. a  in 
comparison  with  E  we  take  the  logarithm  of.  As  a  result 

(3_56) 


or 


(3-57) 


As.  a  result'  of  the  calculations  conducted  it  is 


■  ..-i 

-  -  •••  j 
!'•-/ 1 


-A 

.'-.1 


1 
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established/installed,  that  the  relative  disagreement  in  the 
solutions  of  equation  (3-52)  in  calculator  and  for  approximation 
formula  (3-54)  does  not  exceed  1%,  and  during  the  calculation 
according  to  approximate  formula  (3-57)  this  disagreement  does  not 
exceed  5%.  Therefore  for  the  estimate  calculations  it  is  possible  to 
apply  formula  (3-57). 

After  the  calculation  of  dependence  according  to 

formula  (3-56)  taking  into  account  expressions  (3-52)  and  (3-50)  is 
calculated  the  dependence  of  the  amplitude  of  the  fundamental 
harmonic  of  collector  current  /«!  — /(#»,)  on  the  amplitude  of  input 
signal,  and  then  from  formula  (3-47)  the  AKh  of  cascade/stage. 

The  given  formulas  can  be  used  for  calculating  the  amplitude 
characteristic  at  the  sufficiently  low  frequencies  for  this  type  of 
transistor<i»<“rp.  when  the  inertness  of  the  transistor  can  be 
disregarded/neglected.  Then  the  coincidence  of  experimental  data  with 
the  calculated  is  obtained  very  good  [13]. 

However,  at  frequencies  <i»>»rp  it  is  necessary  to  consider  the 
inertial  properties  of  transistor. 


Page  194. 
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Let  us  consider  one  of  the  possible  versions  of  the  calculation 
of  AKh  of  cascade/stage  taking  into  account  the  frequency  dependence 
of  the  conductivity  of  direct  drive  Y2l. 


At  the  low  frequency  the  conductivity  of  the  direct  drive  of 
transistor  according  to  the  collector  characteristic 


Yr  - 


21  m.  n  — 


OU. 


a.  0 


U K.  a  -  coast 


(3-58) 


For  conductivity  Y21  is  known  the  following  dependence  on  the 


frequency: 


u 


U  ■.  n 


* 


Yu  a.  a  m. 


T> 


* 


where  1  +  factor,  which  calculates  the  decrease  of 

"rp 

conductivity  Y22  on  the  basis  of  frequency;  w  -  frequency  of  the 
amplified  oscillations;  ®rp  “  upper  cut-off  frequency  for  this 
diagram. 


For  the  operating  frequency  u>  expression  (3-53)  takes  the  form 

***"’'’■  <«9) 

If  we  disregard/neglect  loading  effect  (cascade/stage  is  loaded 
to  a  comparatively  low  input  resistance  of  the  following 
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cascade/stage),  then  from  formula  (3-59) 

30“  =  ^HTe^  a  *  |  Yu !  A  (3-60) 

Since  during  the  construction  of  logarithmic  amplifiers  it  is 
important  to  know  amplitude  relationships/ratios,  phase  factor  «j1 
it  is  possible  not  to  consider.  Certain  error,  which  is  obtained  in 
this  case  and  caused  by  the  dependence  of  phase  on  U*,it  can  be 
reduced  during  the  adjustment  of  amplifier.  Analysis  and  calculations 
with  this  assumption  considerably  are  simplified.  Expression  (3-60) 
can  be  now  registered  in  the  form 

where  m  -  modulus/module  of  coefficient  m(w) ,  determined  by 
expression  (2-95). 

Page  195. 

After  the  integration  -  ' 

/.-  +  (3-61) 

We  find  integration  constant  C,  after  taking  the  current  of 
collector/receptacle  equal  to  with  the  voltage/stress  between 

the  emitter  and  the  base,  equal  to  Substituting  the  value  of 

C  into  expression  (3-61),  we  obtain 

In-mAn(e'a*'*— *•■)  +  /«.  b.  r  ' 


-we 
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Since  at  the  input  of  cascade/stage  the  oscillatory  circuit  is 
connected,  the  voltage  of  signal  is  harmonic.  In  this  case 

U*.t  + 

Taking  into  account  the  expansion  of  expression  (2-74)  we 
determine  constant  component  and  fundamental  harmonic  of  the  current 
of  emitter  (collector/receptacle): 

/«.«-/«.  b.  .  +  *  “/.  (T#m)  -  «•  ■;  (3-82) 

Au  -  2Au/rulU*-  «•  (7tfm).  (3-83) 

Direct/constant  voltage  between  the  base  and  the  emitter 

^ I,  0,  O  ®  9*  0*  ■  |t  g| 

.r  ' 

where  ACf,.0.a  -  incremental  stress  U,. a.„.  caused  by  current 

As  we  see,  expressions  for  /M  and  A. o«(A.a)  can  be  registered 
so: 

A.  a  “ *  A.  a.  *(1  “  m)  +  m/t.  n.  tfi  ltr»-  O'  °/#  (-j(/m);  (3-84) 

A»  -  2mA.  «•  ■/,  (7fA)>  (3-85) 

After  simple  conversions  from  expression  (3-64)  we  obtain 


/ 


AtA.  O.B\  -tU.  .  .. 


(3-661 
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From  expressions  (3-64),  (3-65),  (3-66)  it  is  possible  to 
comparatively  easily  calculate  the  amplitude  characteristic  of 
cascade/stage.  For  this  should  be  assigned  different  values  &Ut.e.o 
at  the  given  values  of  resistor/resistance  of  R  and  current  of 
emitter  /,. m  determined  values  70  and  then  on  tables  Mt#*.) 

and  h^Um)  determined  values  x  —  Um  and  Mt#.*).  After 
substituting  obtained  values  into  expression  (3-66),  let  us 

find  the  amplitude  of  the  fundamental  harmonic  of  collector  current, 
and  from  it  and  the  resistance/resistor  of  load  -  amplitude  of  output 
voltage/stress. 

Page  196. 

During  comparatively  high  resistors/resistances  of  R,  when 
inequality  &[/». „ <£ mRli ^ m  is  fulfilled  i.e.  When  the  voltage  of  the 
source  of  the  bias/displacement  is  of  much  more  than  initial 
bias/displacement  on  the  base  transistor,  calculations  considerably 
are  simplified.  Expression  (3-66)  takes  the  form 

After  its  substitution  into  expression  (3-65)  we  obtain 
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For  the  output  voltage/stress  of  the  cascade/stage 

/„ 


TJ  — 

vmiui  =*  T~ 


HI 

fo 


(3-68) 


where  go  -  general/common/total  load  admittance  at  the  resonance 
frequency. 


With  the  work  of  cascade/stage  in  the  linear  conditions  argument 
7 Um  of  the  Bessel  functions  is  small. this  case  it  is  possible  to 
register: 

/•(T^m)  <*  1. 


Then  the  transmission  factor  of  cascade/stage  in  the  linear 
conditions* 


Km 


X' 


(3-69) 


Amplitude  is  the  characteristic  of  cascade/stage  with  the  work 
in  the  nonlinear  mode/conditions 

rr  _ o  ,<>  trw 

2  T  '  •  (3*70) 
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It  is  very  simple  to  calculate  the  amplitude  characteristic  of 
cascade/stage  from  formula  (3-70).  For  this  it  is  necessary  to  know 
the  transmission  factor  of  cascade/stage  with  the  work  in  the  linear 

conditions,  coefficient  7  and  to  have  appropriate  tables  Iv{-\Um)  and 

/.(Ttfm). 

Characteristics  /«  — f(Um)  for  the  different  values  of 

resistor/resistance  of  R  are  depicted  in  Fig.  57.  During  the 

calculation  it  is  accepted  7-15.  From  expression  (3-70)  and  Fig.  57 

it  is  evident  that  during  the  high  resistors/resistances  of  R,  when 

inequality  a.  ■  mKI*  „  is  fulfilled  amplitude  characteristic 

virtually  does  not  depend  on  value  R  and  has  form  requiring,  for 

obtaining  LAKh  by  the  method  of  adding,  the  voltages/stresses  from 
• 

the  outputs  of  amplifier  stages. 


Page  197. 

O'uring  completely  specific  resistor/resistance  of  R  it  is 
possible  to  obtain  the  virtually  linear  characteristic  of 
cascade/stage  in  the  considerable  dynamic  range.  This  fact  can  be 
used  for  the  linearization  of  the  passage  characteristic  of 
transistor  in  obtaining  FAKh  with  the  help  of  the  nonlinear 
elements/cells,  included  in  the  load  circuit  or  OOS. 


W  . 
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At  the  high  values  of  argument  T^m  functions  /0(t Um)  and 
/i(t£/«)  become  approximately/exemplarily  equal  and,  according  to 
expression  (3-67),  the  amplitude  of  the  fundamental  harmonic  of 
collector  current  becomes  constant  (broken  line  in  Fig.  58a).  Thus, 
constancy  I»u  and,  consequently,  output  voltage/stress,  can  be 
observed  even  when  Umua<Ut,  and  the  limitation  on  the  collector 
circuit,  which  usually  is  observed  upon  reaching/achievement  of 
alternating  voltage  on  the  load  of  the  supply  voltage,  did  not 
appear.  However,  as  can  be  seen  from  experimental  curves,  the  output 
voltage/stress  of  cascade/stage  grows  with  an  increase  in  the  input 
voltage.  This  is  explained  by  the  special  feature/peculiarity  of  the 
work  of  transistor  on  the  high  signal  level,  which  consists  in  the 
fact  that  with  the  considerable  voltages/stresses  between  the  base 
and  the  emitter  transition  the  base  -  collector/receptacle  in  the 
diagram  with  OE  or  transition  emitter  -  collector/receptacle  in  the 
diagram  OB  works  as  usual  diode. 

As  a  result  it  is  obtained,  that  the  amplitude  characteristic  on 
its  form  does  not  satisfy  the  requirements  both  to  the  successive 
work  of  nonlinear  cascades/stages  and  to  the  method  of  adding  the 
output  voltages/stresses. 
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at  02  os  umt,  t 

Fig.  57.  Curves  of  the  dependence  of  the  fundamental  harmonic  of  the 
current  of  collector/receptacle  in  the  transistor  amplifier  with  ARU 
due  to  the  nonlinearity  of  the  characteristic  of  transistor. 

Page  198. 


During  precise  calculations  of  AKh  it  is  necessary  to  consider 


the  effect  of  the  input  resistance  of  the  following  cascade/stage, 
whose  value  for  resonance  turn-on  frequency  of  transistor  on  the 
diagram  with  OB  and  with  OE  can  be  designed  respectively  from  the 


formulas 


(3-71) 


(3-72) 


where  /ti  and  /oi  -  amplitude  of  the  fundamental  harmonic  of 
respectively  emitter  and  base  current. 
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Currents  hi  and  /<ji  can  be  calculated  from  formula  (3-67), 
after  replacing  in  the  formula  current  h.a.a  and  coefficient  y  by 
currents  a. ■  or  /«, a.«  and  T»-  or  T«>  where  t»  and  To  - 

coefficients  of  the  approximation  of  characteristics  i*  =  f(C/9.0)  and 

h  —  f(Ua.  a). 


It  is  possible  to  show  that  with  an  increase  in  input  voltage 
Um  resistor/resistance  grows  also  with  the  work  of 
cascade/stage  in  the  mode/conditions  with  the  small  angle  of  cutoff 
of  collector  current  (0-90°)  it  becomes  such  large  that  it  it  is 
possible  not  to  consider  in  comparison  with  the  resistor/resistance, 
shunting  the  oscillatory  circuit  =1-2  kiloohm. 
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Fig.  58.  Amplitude  characteristics  of  cascade/stage  with  ARU  due  to 
the  nonlinearity  of  the  character ist ic^of  a  transistor  of  the  type 
P411:  a)  at  the  different  values  of  voltage  on  the 

collector/receptacle  of  transistor  and  *•-  1  kiloohm.  *lkiloohm, 

V"«  *4  mA;  b)  at  the  different  values  of  the  resistor/resistance  of 


feedback  and  *•  *4.3  kiloohm;  -  calculated; 


experimental . 
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For  calculating  of  AKh  the  cascade/stage  according  to  formula 
(3-70)  at  the  high  values  of  the  amplitude  of  input  voltage  Um>0,5  a 
in  the  dependence  on  the  coefficient  y  are  required  the  values  of  the 
moduli /modules  of  functions  /„(*)  and  M*)  for  argument  10.  The 

table  of  the  modul i /modules  of  these  functions  with  a  change  in  the 
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argument  from  10  to  40  is  given  in  the  application/appendix  of  work 
[8].  From  it  it  is  possible  to  calculate  AKh  of  cascade/stage  to  the 
values  of  input  voltage  =1-3  v  in  the  dependence  on  the  value  of 
coefficient  y.  This  it  is  sufficient  for  the  development/detection  of 
the  character  of  amplitude  characteristic.  With  further  increase  in 
amplitude  um  amplitude  characteristic  linearly  grows,  in 
consequence  of  which  there  is  no  need  for  calculating  it  from  formula 
(3-70)  . 

Logarithmic  amplifier  to  are  and  by  radio-output. 

For  obtaining  precise  LAKh  of  multistage  amplifier  with  the 
radio-output  nonlinear  cascades/stages  must  have  the  amplitude 
characteristics,  described  by  expressions  in  Tables  1  and  3,.  The 
special  feature/peculiarity  of  these  characteristics  is  the  presence 
of  quasi-linear  section,  i.e.,  a  finite  increment  in  the  output 
voltage/stress  with  the  differential  amplification  factor,  equal  to 
coefficient  a  —  r-U. 

in  iv 

AKh  required  for  the  successive  work  of  cascade/stage  with  the 
quasi-linear  section  can  be  obtained  in  the  cascade/stage  with  ARU, 
based  on  the  nonlinearity  of  transistor,  if  we  consecutively/serially 
with  the  adjustable  resistor  in  the  emitter  circuit  include/connect 
the  resistor/resistance  of  feedback  small  in  the  value. 
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The  schematic  diagram  of  four-stage  resonance  logarithmic 
amplifier  with  the  radio-output  and  its  description  are  given  in  work 
[8]. 


For  obtaining  LAKh  by  the  method  of  adding  the  voltages/stresses 
from  the  outputs  of  amplifier  stages  in  AKh  of  cascade/stage  on  the  ■ 
high  signal  levels  must  be  the  horizontal  section,  whose  extent  must 
be  not  less  dynamic  range  d  of  the  nonlinear  (or  logarithmic)  section 
of  characteristic. 

The  form  of  AKh  of  cascade/stage  with  further  increase  of  signal 
does  not  have  vital  importance  and  can  be  any,  since  the  voltage  on 
the  input  of  this  cascade/stage  ceases  to  grow  due  to  the  limitation 
in  the  previous  cascade/stage. 
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Page  200. 

The  simplest  and  most  efficient  method  of  obtaining  the 

horizontal  section  of  characteristic  is  the  inclusion  into  the 

collector  circuit  of  effective  resistance  ^or  (Fig.  54d) .  During  the 

tit,  is.  possible  to  use 

amplification  of  continuous  oscillations  as  resistor/resistance  wor 
the  resistor/resistance  of  filter  R+  can  be  used,  with  a  sharp 
increase  of  the  constant  cbmponent  of  collector  current  descends  the 
supply  voltage  on  the  collector/receptacle  of  transistor  and, 
consequently,  also  the  level  of  limitation.  Usually  the  value  of 
resistor/resistance  R<*  lies/rests  within  the  limits  of  300-500  ohms 

For  the  efficient  action  of  resistor/resistance  Rot  during  the 
amplification  of  pulse  signals  the  time  constant,  of  chain/network 
tor  —  flor^or ,  must  be  considerably  less  than  the  duration  of  the  pulse 
of  signal  <«• 

With  fulfilling  of  inequality  t0r  = (2h-3)*,,  due  to  chain/network 
CorRor  is  regulated  the  amplification  of  cascade/stage  on  the 
prolonged  interference  with  unchanged  amplification  factor  in  the 
pulse  signal. 
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ARU  ON  PENTODE  GRID. 


The  dependence  of  slope/transconductance  on  the  value  of 
voltage/stress  on  the  pentode  S=*f(U „)  or  heterodyne  S=*HUr) 
grids  for  many  tubes  can  be  approximated  by  one  or  two  linear 
segments  with  different  inclination/slope.  During  the  supplying  of 
controlling  voltage/stress  on  the  pentode  or  heterodyne  grid  the 
dependence  of  the  transmission  factor  of  cascade/stage  also  is  linear 
(straight  line  ac  in  Fig.  59)  or  piecewise-1 inear  (segments  ab  and  be 
in  Fig.  59) 

“  (3-73) 

where  U,  -  cutoff  voltage  of  tube  on  the  pentode  grid,  with  which 
K»0;  h  -  coefficient,  which  is  determining  the  degree  of  the  effect 
of  the  controlling  voltage/stress  on  one  cascade/stage. 

With  strictly  linear  dependence  S  —  f{Uu)  coefficient  h*l.  For 
segment  ab  in  Fig.  59  coefficient  k,  -  ill  <  ii  for  6c  —  /u— £i>l. 
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Fig.  59.  Curves  of  dependence  p)  during  the  adjustment  on  the 

pentode  or  heterodyne  grid  of  tube. 
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The  attempt  to  give  the  procedure  of  calculation  of  multistage 
amplifier  with  the  adjustment  according  to  the  pentode  grid  of  tube 
is  done  in  work  [40].  However,  the  methodology,  given  in  this  work, 
is  fairly  complicated  and  from  it  it  is  not  possible  to  accurately 
calculate  the  controlling  characteristic.  The  attempt  to  give  simpler 
and  more  precise  calculation  procedure  is  done  below. 


Equalizing  the  right  sides  of  expressions  (2-173)  and  (3-73), 
obtain 


we 


whence 
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Expression 

a (3-74)  it  is  useful  for  calculating  self-regulation  of 
cascades/stages  U9*mf(s  and  x)  multistage  FU,  made  on  the  block 
diagram  (Fig.  45a)  (ARU  back  or  forward). 

During  the  simultaneous  adjustment  of  all  cascades/stages 
n-cascade  FU,  made  on  block  diagram  (Fig.  45c  and  d) ,  for 
voltage/stress  U9 

u#  -  Uo*(i 


(3-75) 


DOC  «  83138011 


PAGE  2* 


» 


Fig.  60.  Schematic  diagram  of  logarithmic  amplifier  with  ARU  on  the 
pentode  grids  of  tubes. 
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As  a  result  of  the  conducted  calculated  and  experimental 
investigations  it  is  established/installed,  that  the  logarithmic 
amplifier  can  be  performed  on  any  of  three  diagrams  (Fig.  45a,  c,  d). 
However,  the  diagram,  given  in  Fig.  45d,  for  which  relationship/ratio 
(3-75)  is  correct  is  simplest  and  easily  realizable.  The  curves, 
calculated  by  formula  (3-75),  in  their  form  are  analogous  to  the 
curves,  given  in  Fig.  51.  An  example  of  the  calculation  of  the 
schematic  of  the  resonance  logarithmic  amplifier  of  the  pulse  radio 
signals  and  ARU  according  to  the  pentode  network/grid,  depicted  Fig. 
60,  is  given  in  Chapter  6.  Amplifier  has  following  data: 
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*0  -  10*;  a  -  4  Af*V;  /,  -  30  Djiax  *  80  $ 

5  i»;  0=50  Stf  =  3%;  8o  •  15%. 

Key;  (1).  MHz.  (2).  dB.  (3).  mV.  (4).  mV/dB. 

COMBINED  ARU. 

Combined  ARU  by  a  change  in  the  mode  of  operation  of  UP  in  the 
direct  current  can  be  realized  by  the  simultaneous  adjustment: 

1)  with  the  help  of  controlling  voltage/stress  ^.entering 
control  electrode  of  UP,  together  with  ARU  on  the  emitter  circuit 
(cathode)  due  to  the  nonlinearity  of  characteristic  UP; 

2)  with  the  help  of  u*  that  enters  the  pentode  grid  of  tube, 
together  with  ARU  through  the  screen  grid  due  to  the  increase  of  the 
current  of  the  screen  grid  of  tube; 

3)  through  the  pentode  grid  with  the  help  of  U9  together  with 
ARU  through  the  cathode  circuit  due  to  the  nonlinearity  of  cathode 
characteristic; 

4)  through  the  pentode  grid  with  the  help  of  U9  together  with 
ARU  through  the  screen  grid  and  the  cathode  circuit. 
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Let  us  consider  briefly  each  of  the  versions. 

1.  Even  if  cascade/stage  is  circuit  of  self-bias  or  temperature 
stabilization,  then  during  the  supplying  of  controlling  voltage  on 
control  electrode  of  UP  it  is  necessary  to  consider  effect  of  these 
circuits  on  effect  of  adjustment.  With  the  linear  passage 
characteristic  of  UP  these  circuits  reduce  the  effect  of  adjustment 
and,  on  the  contrary,  with  the  nonlinear  characteristic  of  UP  on  the 
high  signal  level  these  circuits  increase  the  effect  of  adjustment. 

As  a  result  combined  ARU  of  the  1st  version  is  obtained. 

The  schematic  diagram  of  transistor  cascade/stage  with  the 
simultaneous  adjustment  due  to  Up,  developed  by  regulator  (T,) ,  and 
resistors/resistances  in  the  emitter  circuit  R,  is  given  in  Fig.  61. 

Page  203. 


For  this  diagram 


Uc*  -U*,-  Ep-U, 


where 


E9-E-U9\ 


With  the  absence  of  the  voltage  of  signal  Up-0.  Then 
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In  order  to  obtain  completely  specific  AKh  of  cascade/stage,  it 
is  necessary  at  this  value  of  the  amplitude  of  input  signal  Um  the 
initial  bias  voltage  U0.m  to  decrease  by  value  U*  (Fig.  48b),  whose 
value  can  be  designed  on  one  of  formulas  (3-14),  (3-15),  (3-18), 
(3-19),  (3-24),  (3-26).  With  decrease  Ua.,  operating  point  A  on  the 
characteristic  is  displaced  into  point  A*.  Due  to  this,  on  one  hand, 
are  reduced  the  constant  component  of  emitter  current  by  value 
and  voltage/stress  U  on  resistor/resistance  Rv  Operating  point 
attempts  to  be  moved  into  point  A't.  On  the  other  hand,  due  to  the 
nonlinearity  the  characteristics  increase  the  dc  current  component  of 
emitter  by  value  and  voltage/stress  U.  Operating  point  attempts 

to  be  shifted  into  point  Ax.  In  steady  state  is  performed  the 
following  equality: 

Ua.m—Uo  *  E  —  V9  —  (ffca.1—  Mla  +  MljRm 


— U p  *»  —  U9  +  (A/*,  n  —  o)  E* 

Whence  value  U which  it  must  manufacture  regulator. 


(3-76) 
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Fig.  61.  Schematic  diagram  of  cascade/stage  with  the  simultaneous 
adjustment. 

Page  204. 

Component/term/addend  A/;.  B  in  expression  (3-76)  is  caused  by  the 
nonlinearity  of  characteristic  of  UP,  also,  on  the  high  levels  of  the 
signal,  when  U?^sUe.n,  can  prove  to  be  congruent  with  A Ii„  or  even 
more  than  it.  In  works  [34,  35]  during  the  calculation  of  systems  ARU 
operate  with  the  differential  slope/transconductance  of  passage 
characteristic  and  component  A/j. n  they  do  not  usually  consider  that, 
naturally,  on  the  high  signal  level  it  leads  to  the  considerable 
error  in  calculations. 

Dependence  U'v  =  f(z)  according  to  formula  (3-76)  should  be 
calculated  in  the  following  sequence.  Dependence  UV=>/(Z)  without 
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taking  into  account  the  effect  of  controlling  resistor/resistance  R * 
First  is  calculated  then  for  given  values  they  determine  A/;. □ 
according  to  the  characteristic  of  UP  and  M;  -  employing  procedure 
and  formulas,  presented  above. 

The  version  of  combined  ARU  examined  it  is  expedient  to  apply  in 
the  amplifiers  from  the  gain  control  increased  by  depth  with  the 
large  signals,  in  particular,  in  the  amplifier-limiters,  in  the 
latter/last  cascades/stages  of  the  logarithmic  amplifier,  made  on  the 
block  diagram  (Fig.  45d) . 


2.  In  this  case 


U9=*U9  +  M0tt9R3K9flt,  q. 


Whence 

(3-77) 


£ 

where  A,. „  =»  ft *"?  -  coefficient,  which  is  determining  the  efficiency 

•V  a 

of  adjustment  according  to  the  screen  grid  relative  to  the  effect  of 
adjustment  on  the  pentode  grid;  •s’p-»s*a tt-  an<*  ^ n “ IZT  — 
average/mean  slopes/transconductances  of  self-regblat ion  respectively 
on  the  screen  and  pentode  grids. 


J.  For  this  version 

U'9~U9-  (A/;  -  Ml)  R A,,  (3-78) 

S  A/ 

where  and  <Sp.«-T7 T  "  slope/transconductance  of 
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self-regulation  on  the  cathode  or,  which  is  the  same,  on  control 
electrode. 

For  the  majority  of  tubes  an  increment  in  current  A/«  =  0,  since 
with  a  change  in  the  voltage/stress  on  the  pentode  grid  the  cathode 
current  remains  in  effect  constant. 

Page  205. 

For  the  realization  of  the  3rd  version  during  the  amplification  of 
continuous  oscillations  is  necessary,  that  the  resistor/resistance  in 
the  circuit  of  screen  grid  would  be  absent,  i.e.,  during 

the  amplification  of  pulse  radio  signals  necessary,  that  would  be 
fulfilled  the  inequalities:  >  i?KC„;  RKC„  <£  t.. 

4.  This  version  is  general/common/total.  For  it 

^P  —  (A/k  —  A/„)  (3-7U) 

S3.  Methods  of  increasing  the  stability  of  frequency  and  phase 
responses  of  FU  with  ARU. 

The  fundamental  reason  for  the  distortion  of  the  frequency  and 
phase  responses  of  amplifier,  during  the  gain  control,  especially  and 
transistor  amplifiers,  is  a  considerable  change  in  active  and 


DOC  *  83138011 


PAGE  f 


reactive  components  of  input  and  output  conductances  of  UP  with  a 
change  in  the  position  of  operating  point.  This  deficiency/lack  to  a 
considerable  extent  can  be  reduced,  applying: 

1)  the  compensating  nonlinear  elements/cells  in  the  emitter  or 
collector  circuits  of  transistor; 

2)  the  controlled  attenuators  in  input  or  output  circuit  of  the 
adjustable  cascade/stage  and  in  the  feedback  loop; 

3)  diagram  on  composite/ compound  transistors; 

% 

4)  interstage  coupling  elements  with  the  optimum  parameters. 

The  first  three  methods  of  increasing  the  stability  of  the 
characteristics  of  transistor  amplifiers  with  ARU  are  quite  fully 
illuminated  in  the  literature  [8,  89,  90,  94,  102]. 

APPLICATION  OF  COMPENSATING  NONLINEAR  ELEMENTS. 

The  essence  of  this  method  lies  in  the  fact  that  for  the 
distortion  elimination  of  the  characteristics  of  the  amplifier, 
parameters  of  the  adjustable  transistor  caused  by  change,  into  the 
appropriate  point  of  amplifier  circuit  (to  the  input  or  the  output) 
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is  switched  on  the  special  element/cell,  whose  parameters  into  the 
alignment  procedure  aro  changed  according  to  the  law,  opposite  to  the 
law  of  a  change  in  the  parameters  of  transistor.  As  a  result  the 
partial  or  complete  compensations  for  changes  in  the  parameters  of 
transistor  and  the  exemplary/approximate  constancy  of  the  circuit 
parameters  at  the  point  of  the  connection  of  the  compensating 
element/cell  is  observed. 

Page  206. 

For  the  transistor  amplifiers  by  this  compensating  element/cell 
can  be  any  p-n  junction,  in  particular,  transistor  or  semiconductor 
diode  [8,  89,  90,  94,  96,  102],  connected  with  input  circuit  of 
cascade/stage  during  the  adjustment  a  change  in  the  current  of 
emitter  or  in  parallel  to  load  -  during  the  adjustment  by  a  change  in 
the  voltage/stress  on  the  collector/receptacle. 

Several  versions  of  the  inclusion  of  the  compensating 
elements/cells  into  input  circuit  of  the  adjustable  transistor  are 
given  in  work  [8 ] . 

The  parameters  of  the  compensating  elements/cells  must  be 
selected  so  that  the  total  input  current  of  the  adjustable 
cascade/stage  in  the  alignment  procedure  would  remain  constant,  which 
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will  stipulate  the  constancy  of  the  input  resistance  of 
cascade/stage. 

The  high  stability  of  the  frequency  characteristic  of  multistage 
amplifier  can  be  obtained  only  when  elements/cells  are  selected  from 
the  condition  for  the  compensation  for  a  change  in  active  and 
reactive  components  of  input  and  output  conductances  of  transistors. 

If  the  compensating  nonlinear  element/cell  is  connected  with  the 
emitter  circuit,  the  virtually  constant  input  resistance  of 
cascade/stage  can  be  obtained  in  the  range  of  a  change  in  the 
amplification  to  40  dB. 

The  stability  of  the  frequency  characteristic  of  multistage 
amplifier  is  obtained  above  upon  the  start  of  transistors  on  the 
diagram  with  OB.  This  is  explained  by  the  fact  that  output  resistance? 
of  transistor  with  the  grounded  emitter  with  one  and  the  same  change 
in  the  current  of  emitter.  Therefore  a  change  in  output  conductance 
more  easily  to  compensate  for  in  the  schematic  of  grounded-base 
transistor. 

The  results  of  the  compensation  for  a  change  in  the  output 
capacitance  of  the  transistor,  connected  in  diagram  with  OB  and  OE, 
are  good,  it  is  possible  to  obtain,  switching  on  the  compensating 
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elements/cells  in  the  circuit  of  collector/receptacle  [8]. 


APPLICATION  OF  THE  CONTROLLED  ATTENUATORS. 


With  the  aid  of  the  electrically  controlled  attenuators  it  is 
possible  to  change  the  amplification  of  cascade/stage  during  the 
constant/invariable  mode  of  operation  of  UP  on  the  direct  current. 
Recently  was  published  a  considerable  number  of  works  and  patents 
[35,  70,  75,  78,  79,  80,  81,  84,  88,  103,  105,  106],  dedicated  to  a 
question  of  the  use/application  of  the  controlled  attenuators  for  the 
realization  of  ARU  in  the  transistor  amplifiers. 

Page  207. 

However,  in  these  works  the  realization  of  deep  ARU,  which  makes  it 
possible  to  obtain  small  changes  in  the  output  voltage/stress  (in  the 
ideal  case,  constancy  Uw)  in  ShDD  of  a  change  in  the  input  voltage 
examines.  The  questions,  connected  with  the  realization  of  assigned 
FAKh  with  the  help  of  the  controlled  attenuators,  until  now,  actually 
are  not  examined. 

The  diagrams  of  the  controlled  attenuators  are  given  in  Fig.  62. 

The  controlled  attenuators  (UA)  can  be  connected  at  the  input 
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either  at  the  output  of  amplifier  stage  or  in  the  feedback  loop,  it 
is  analogous  with  the  starts  of  nonlinear  elements/cells  and 
dividers.  For  increasing  the  efficiency  of  gain  control  consecutive 
UA  it  is  necessary  to  switch  on  between  the  low-resistance  ones  by 
the  source  of  signal  and  by  load  (input  of  amplifier),  shunting  UA  - 
between  the  high- impedance  ones  by  the  source  of  signal  and  the  load. 

As  can  be  seen  from  Fig.  62,  the  semiconductor  diode,  whose 
volt-ampere  characteristic  is  described  by  expression  (2-65),  is  the 
simplest  controlled  nonlinear  eiement/cell . 

If  diagrams  of  UA  are  compared  with  the  diagrams  of  the 
nonlinear  elements/cells,  given  in  Fig.  31,  then  it  is  not  difficult 
to  see  that  the  shunting  attenuators  have  1st  type  volt-ampere 
characteristics,  and  consecutive  -  the  2nd.  The  form  of  volt-ampere 
characteristic  of  UA  can  be  varied,,  connecting  in  series  or  the  in 
parallel  active  linear  resistors/resistances  of  different  value  or 
applying  different  combinations  of  the  inclusion/connection  of  diodes 
and  resistors/resistances. 

With  the  help  of  the  controlled  nonlinear  elements/cells  it  is 
possible  to  carry  out  a  deeper  adjustment  in  comparison  with 
uncontrolled  with  the  smaller  amplitude  distortions  of  signal. 
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Fig.  62.  Diagrams  of  controlled  attenuators:  a)  asymmetric 
consecutive;  b)  asymmetric  series-parallel;  c)  symmetrical  shunting 
d)  symmetrical  consecutive. 
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For  obtaining  the  smallest  distortions,  in  the  first  place,  the 
controlled  attenuator  must  be  performed  with  the  volt-ampere 
characteristic,  which  has  a  small  curvature,  in  the  second  place, 
during  the  use  of  consecutive  attenuators  the  adjustment  in  the 
amplifier  must  be  realized  so  that  the  controlled  attenuator  would 
enter  voltage/stress  the  signal  of  a  comparatively  small  amplitude. 
If  the  shunting  attenuators  are  used,  the  second  condition  can  be 
excluded. 


The  transmission  factors. of  shunting  and  consecutive  K*.a 
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attenuators  without  taking  into  account  the  action  of  compensating 
voltages/stresses  according  to  Fig.  63,  in  which  equivalent 
diagrams  of  UA  are  given,  are  respectively  equal  to: 


r;  +  R> 


R' 


R‘  ’ 


(3-80) 

(3-81) 


where  p'  =  7-  +  ff":  F  =  a  +  F •  r*  ”  resistor/resistance  of  nonlinear 
element/cell;  R»  -  resistance/resistor  of  the  load  of  attenuator. 


Let  us  find  the  law  of  a  change  in  control  current  /p=»/(z). 
necessary  for  assigned  type  realization  of  FAKh  with  the  help  of 
shunting  and  consecutive  UA.  Let  as  assume  that  the  influencing  the 
nonlinear  element/cell  signals  are  sufficiently  small.  This  will  make 
it  possible  to  use  the  differential  parameters  of  diode  for  the 
analysis. 
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Fig.  63.  Equivalent  diagrams  of  the  controlled  attenuators:  a) 
shunting;  b)  consecutive. 
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Shunting  UA. 

If  as  the  nonlinear  element/cell  semiconductor  diode  with  the 
characteristic,  described  by  expression  (2-65)  is  used,  then  for  the 
low  currents,  when  inequality  differential 

resistor/resistance  r«  according  to  formula  (2-66)  are  fulfilled 

r*  “  (3-82) 

Since  (Fig.  63)  the  equality 

fp  “  1>M  A  (®*P  KM  “I)*  A  j  , 

is  fulfilled  then 

r»  *  H77+7) '  (3-83) 

Substituting  the  value  r«  into  expression  (3-80),  we  obtain 
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With  the  sufficiently  high  currents,  when  inequality 

»««v)l >  is  fulfilled  differential  resistor/resistance  r • 

according  to  (2-68) 

r4  «•  r  +  —  r  ■+•  jy- .  (3-85) 


In  this  case 


*.d+*V> 

■  "  K  d  +  +  Aii  T  u,  (r+ Am)i  ■ 


(3-86) 


Taking  into  account  conditions  (2-18),  (3-84)  and  (3-86),  we 
obtain  expression  for  control  current  /p  respectively  at  the  low  and 


high  values 


« — ?  <*)  (Jta  +  R  +  U*BaA) 
**  f  (*)  XAR,  ; 

_  •— ?  (*)  <*(*„  +  «) 


(3-87) 

(3-88) 


where 


«-/?(l  +  U?«</p..-M)i; 
c  -  Rm(i  +  i/p.  «r)  +  R  (1  +  X/,.  ■(»•  + 

8*1  +  i/p. 


/*■  -  initial  current  of  adjustment. 
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Let  us  determine  the  maximum  depth  of  adjustment  h,  which  can  be 
carried  out  with  the  help  of  shunting  UA.  It  is  important  to  know 
parameter  h  at  the  development  of  amplifier-limiters.  Maximum 
transmission  factor  UA 

^“6  “a“c  =  *.  +  *<"+  ^V1""  ’  (3  89) 

since  for  the  real  diagrams  inequality  <  l.  is  fulfilled. 


Minimum  transmission  factor  UA 

Km.  hu 


_  ,  Hr 

r+R+K 


Then  the  maximum  depth  of  the  adjustment 

I.  _  ^M«KO  _  (r  R)  +  Rr 

=  \Hn  +  R(/  +  \HvA)\r- 


If  condition  Rm -+■  oo (Ru > R),  is  satisfied  then 


a  — ~  ^  + r  ^  R 

“1UU«J  —  — ~  — '  f  l 


(3-90) 


where  r  -  volumetric  strength  of  materials  of  semiconductor,  the 
component  of  the  unit  of  ohm. 


Thus,  for  obtaining  the  high  value  of  the  coefficient  of 
adjustment  it  is  necessary  to  in  every  possible  way  increase 
resistor/resistance  of  R.  However,  with  increase  in  R  maximum 
transmission  factor  of  divider  is  reduced.  And  when  according 
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to  (3-89) 


K 


__  l 

UJ.  HINfl  2  * 


For  obtaining  Km.  um  1  it  is  necessary  that  the  condition 
Ru  >  /■». =»  q  .  would  be  satisfied 


These  conditions  can  be  made,  if  at  the  output  of  attenuator  is 
connected  the  elect ron-tube  cascade/stage,  which  works  without  the 
grid  currents  (cathode  follower  is  better),  or  the  emitter  follower. 
At  the  sufficiently  high  frequencies  for  this  type  of  transistor  even 
upon  the  inclusion/ connection  of  the  emitter  follower  the  conditions 
indicated  cannot  be  made  and  R  it  is  necessary  to  take  finite 
quantity,  on  the  order  of  10-20  kiloohm.  With  r=10  ohm  we  obtain 
( 1-2 )  •  10 1 . 
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For  obtaining  the  high  value  hmtm  it  is  necessary  to  compensate 
for  the  residual  voltage  of  signal  (/«*,  which  is  isolated  on  fixed 
resistcr  of  r.  The  value  of  compensating  voltage/stress  U*  must  be 
equal  to  Uovr>  i*e. 

Ur  “  Uqct  "■  U nKnm  MRB 
“  U*x  7Tr  “  U,x  TT 

The  versions  of  the  inclusion/connection  of  the  source  of 
compensating  voltage  are  shown  on  Fig.  63.  During  the  supplying  of 
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compensating  voltage/stress  £/„  the  voltage  of  adjustment  /B  is  equal 
to  zero  and  value  a _ I  —  m. 

The  schematic  diagram  of  low-frequency  aperiodic 
amplifier-limiter  with  the  controlled  attenuator  on  the  output  and 
the  compensating  voltage/stress,  which  is  removed/taken  from 
resistor/resistance  of  R,,  connected  with  the  emitter  circuit  of 
amplifier,  and  is  supplied  to  the  nonlinear  element/cell  through 
phase-shift  circuit  R«,  Cs,  R,,  C«,  it  is  depicted  in  Fig.  64.  At 
frequencies  f=50  Hz  -20  kHz  the  coefficient  of  adjustment  is 
obtained  to  (5-8) *10*. 
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Fig.  64.  The  schematic  diagram  of  amplifier-limiter  with  the 
controlled  shunting  attenuator  at  the  input:  Tx  -  P423A;  Dx  -  D233B; 
Ci,  C,,  Cf  -  5  ng;  Ca,  C 4  -  29  mF;  C,  -  0.01  vF;  C4  -  0.06  mF;  Rx  - 
15  kiloohm;  Ra  -  6.8  kiloohm,  Ra  -  1.5  kiloohm;  R4  -  2.7  kiloohm;  R$ 
-  100  ohms;  Rt  -  18  ohms;  R7  -  33  ohms;  R.  -  3.3  kiloohm;  R,  -  4.7 
kiloohm;  Rx#  -  10  kiloohm. 

Consecutive  UA  (Fig.  63b). 

Upon  the  series  connection  of  nonlinear  element/cell  the 
transmission  factor  consecutive  UA  is  maximum  with  the-  high  currents 
of  adjustment.  According  to  expressions  (3-84)  and  (3-85)  the 
transmission  factor  of  attenuator  with  the  high  currents 

K* 0  “  -T+TJJFTW ;  (3*91) 

respectively  with  low  currents  /p 
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Taking  into  account  condition  (2-18),  we  obtain  the  required  law 
of  a  change  in  current  for  the  realization  of  FAKh 


I 


p- 


O 


T 0 

*  p.  a 


?  <g)  yp.  a  . 

c  — <p(z)X/p  B  (r  +  R‘)  ' 

-Llb(i  +  A)\—Aa 
a—bR‘\  — 

9 


(3-93) 

(3-94) 


where 

a  =  1  +  (/p.  , -M);  i- /p.,  +  4;  c«i  +  UMHfl'). 

Transmission  factor  is  maximum  when  I p-*00 

-  —jpsl,  (a-95)  * 

since  R’>>r. 


Transmission  factor  is  minimal  when 


£ 


O.  KM 


R'\A 

T+TFZa 


R'\A , 


(3-96) 


since  for  the  real  diagrams  is  fulfilled  inequality  R'5A<<1.  Maximum 
depth  of  the  adjustment 


A®. 


Ml  MO 


V 

^O.  M1K0 

Y 

**  XL  MUM 


1 

“  7FI7' 


(3-97) 


As  can  be  seen  from  expression  (3-97),  for  an  increase  in  the 


depth  of  adjustment  it  is  necessary  to  apply  diodes  with  small 
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inverse  currents  (small  parameter  A)  and  to  switch  on  UP  to 
low-resistance  load.  If  load  UA  is  the  input  resistance  of  transistor 

ohm,  then  with  A»(10‘ *-10" 1 )  a 
An.  2,5  (10*  -^10*). 

Thus,  with  the  low-resistance  load  with  the  help  of  consecutive 
UA  it  is  possible  to  realize  the  very  deep  adjustment  of  transmission 
factor.  On  the  radio  frequencies  with  an  increase  in  the  frequency 
the  depth  of  adjustment  considerably  descends  due  to  the  effect  of 
the  transfer  capacitance  of  nonlinear  resistance  and  stray 
capacitances. 

Page  213. 

APPLICATION  OF  INTERSTAGE  COUPLING  ELEMENTS  WITH  THE  OPTIMUM 
PARAMETERS. 


The  instability  of  frequency  and  phase  characteristics  of 
aperiodic  and  selective  amplifiers  over  the  dynamic  range  can  be 
considerably  reduced,  applying  equivalent  components  of  the 
interstage  connection/communication,  which  let  us  agree  to  call 
optimum. 

To  such  elements/cells  can  be  attributed  nonlinear  dividers  for 


•v  .-1 
•  _  .  * 


the  aperiodic  amplifiers  and  single  oscillatory  circuit  and 
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two-circuit  band-pass  filter  with  the  optimum  parameters  for  the 
selective  amplifiers. 


From  the  enumerated  elements/cells  not  examined  is  only  the 
single  oscillatory  circuit.  Present  paragraph  is  dedicated  to  the 
analysis  of  single  oscillatory  circuit  with  the  optimum  parameters. 

The  equivalent  diagram  of  parallel  circuit  is  given  in  Fig.  65. 


The  general/common/total  conductivity  of  duct/contour  is 
determined  by  the  relationship/ratio 


(3-98) 


where  g,»l/Ra 


The  condition  of  parallel  resonance  it  is 

IJTa  -  0,  (3-99) 

or  in  accordance  with  expression  (3-98) 

R\C  +  <*iL'C  —  L-0. 
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Fig.  65.  The  equivalent  diagram  of  the  parallel  oscillatory  circuit: 

C  and  L  -  capacity/capacitance  and  the  inductance  of  duct/contour;  R, 
-  resistor/resistance  of  insertion  losses  and  losses  in  the 
capacity/capacitance;  Rx  -  resistor/resistance  of  losses  in  the 
inductance. 

Page  214. 

Whence  we  find  the  resonance  frequency  of  the  system 

where  5-R/2L  -  decrement  of  circuit  damping;  d»l/Q*Rx/p  -  circuit 
damping;  . 

The  conductance  of  the  duct/contour 

+  Rift  +  Ri 
g  ”  Rx  +  • 

Substituting  the  value  »  — ® j,  we  obtain  expression  for  the 
conductance  in  the  presence  of  the  resonance 
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Using  equality  (3-98),  we  find  expression  for  the  phase  response 
?  =  arctg  t  -  afctg  +  ,  (3-101) 

where  ?  m*RVp. 

Relationship/ ratio  (3-101)  is  precise  and  determines  phase 
displacement  at  any  frequency.  It  is  obvious  that  at  the  resonance 
frequency  phase  displacement  is  equal  to  zero,  and  on  the  band  edges 
of  transmission  -  respectively  ±»/4. 

Actually/really,  resonance  frequency  is  determined  by 
relationship/ratio  (1-100).  Then 

VT=7* ;  d*  +  7i*  —  1  -  0  h  ?  -  0. 

We  know  that  circuit  susceptance  at  the  edge  of  the 
passband  b*ig.  Then 

?=»  arctg  (±  j)  —  arctg(±l)  -  ±  •£. 

Let  us  find  the  divergences  of  phase  characteristic  with  a 
change  in  the  parameters  of  duct/contour.  In  this  case  we  will 
consider  the  fact,  usually  not  specified  and  to  literature  and  on 
which,  as  a  rule,  they  do  not  accentuate  attention.  With  a  change  in 
the  argument  to  value  Ax  function  f(x)  at  the  assigned  point  x, 

obtains  the  increment 

A/(*„  A*)  -/(*,+  A*) -/(*,).  (3-102) 


Page  215. 
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Usually  value  Af  is  determined  through  total  differential, 
substituting  infinitesimal  increments  df  and  dx  by  finite  increments 
Af  (x)  and  Ax ,  i . e . ,  they  count 

A/4  (x„  Ax) »  f  (*,)  Ax.  (3-103) 

Value  Af  t (  x,,  Ax)  at  any  value  Ax  is  equal  to  true  increment 
Af(x,,  Ax),  if  function  f(x)  is  linear.  Actually/really,  f(x)  =*ax+b 
and  f (x0 )*ax,+b.  Then  - 

A/(*„  Ax)-/(x,  + A*)  —  /(x,)-[ar*,  +  Ax)  +  6l- 
—  (a*»  +■  b)  —  a  Ax. 

On  the  other  hand,  f ' (x, )*f ' (x)«a  and,  therefore, 

A/i  (®o»  Ax)  — /' (*o)  Ax aAx. 

But  if  f(x)  nonlinear  function,  then  the  values,  determined  from 
expressions  (3-102)  and  (3-103),  in  the  general  case  are  not  equal. 
The  difference  between  them  vanishes  with  Ax-*0  and  in  the  general 
case  it  is  determined  by  the  convexity  (concavity)  of  function.  If 
curved  convex,  which  corresponds  to  f"  (x)>0,  then  the  result, 
determined  from  relationship/ratio  (3-103),  proves  to  be  understated, 
while  if  concavity  is  converted  down,  which  corresponds  to  f"  (0)<0, 
then  result  is  overstated.  Difference  in  the  results,  i.e.,  the  error 
in  relationship/ratio  (3-103)  is  greater,  the  greater  the  value  f" 
(x,).  Moreover  with  the  actually  permissible  changes  in  the 
parameters  10-20%  error  sometimes  can  reach  the  significant 
magnitude...  Therefore  let  us  consider  error  during  the  determination 
of  the  value  of  a  change  in  the  phase  response  on  the  band  edge  of 
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transmission. 

Let  f(x)»  arctg  x;  x,»ir/4»0.8.  Then 

A/  (x#,  Ax)  —  arctg  (x0  ±  Ax)  —  arctg  x,  —  arctg  - - ; 

*  T  *•  T  A* 

A/i  (*o.  Ax)  -  /'  (x0)  Ax  =»  ; 

» ~r  *  § 

Let  Ax»0.1.  Then 

A/(x*  Ax) -0,058;  A/,  (x„  Ax) -0,061. 

Hence  relative  error  Af x  in  comparison  with  Af'  composes  6%. 

Let  Ax»0.4.  Then  Af(x,,  Ax) =0.3?  Afx(x0,  Ax) =0.24%  and  a 
relative  error  in  the  calculation  it  composes  20%. 

Page  216. 

Thus,  with  considerable  relative  changes  in  the  argument  an 
error  in  the  determination  of  divergence  with  respect  to 
approximation  formula  (3-103)  can  reach  the  significant  magnitude. 

In  the  transistor  amplifiers,  which  have  considerable  changes  in 
their  own  parameters,  the  changes  of  the  phase  <p,  calculated  by 
formula  (3-103),  can  be  overstated.  Therefore  for  the  functional 
amplifiers,  especially  transistor,  a  change  in  the  phase  should  be 
determined  from  precise  formula  (3-102). 
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Let  us  find  the  dependences  of  change  <p  on  a  change  in  the 
parameters  of  duct/contour.  In  the  oscillatory  system  in  question  by 
variable  quantities  can  be  C,AR2.  Let  C2-C,+AC  and  R,*R,,+AR,.  Then 

-»!•+  At)  =- 1|0  Y  i +  : 

d,  4-  Ad  -  d,  Y 1  +  ;  m0  +  Am-m#(l +^)]/rT+^F, 

since  m»R,/p  and  p>  +  Ap  —  ■?*■■■  a>- 

V 

Hence  precise  formula  for  determining  the  change  in  the  phase 
response  of  system  with  a  change  in  the  parameters 


A<p  a  arctg 


(,+l3 

i+i*i 

>1  +  ¥j 

* 

V  +  ^  + 

‘  +  T&] 

!"•  (d\  +  1*  -  i) 


— "** 


13-104) 


Approximate  relationship/ratio,  obtained  analogously  with 
expression  (3-103)  and  making  it  possible  to  determine  change  <p  with 
OS | AC/C, |S0. 2, 

A<?c  »  r+7*  • 

where 


(3-105) 


t|"*«  <«4  +  i*  —  i)  # 
V  + 
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A*, 


(4  +  1*—!)  +  "M  (2d  Arf  4-  2n  An) 

+  dt«, 

m,rj(dj  -M*  —  1)  (2t|  At|  -f-  id  Ad  +  rr^Ad  +  Amd,) 

(V  ■+■  dj  4- 


At) 
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After  simple,  but  bulky  conversions,  we  obtain 


A?( 


AC 


+  i) 


c~z?*  (t* + rfj  + "»Jn*  + 1*  —  b*  (3*100) 


Is  analogous  with  change  R,  change  9  with  0<|AR,/Rl,  |^0.2 

(3-107) 


A*«."  no¬ 


where 


A*,  » 


*1*  +  *•  H*  *t»H  Cl*  +  <4  + 


After  conversions 


A  AA, 

a.--r 


1  (d»  +  *1*  — - 1)  (l*  +  ^!) 


*•  p  +  ^  +  W  +  + 


(3-108) 


With  the  simultaneous  change  C  and  R,  the  value  of  change  <p  is 

equal  to  the  sum  of  the  changes,  determined  to  relationships/ratios 

(3-106)  and  (3-108),  i.e. 

Af  -  A?0  +  A*.. 


(3-100) 
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Let  us  find  the  condition  of  the  stabilization  of  the  phase 
response  of  duct/contour  with  change  in  the  capacity/capacitance 
is  obvious  that  the  phase  response  is  not  changed,  if 

S  -  »•  (3-HO) 

Taking  into  account  that  in  this  case  the  functions  of 
capacity/capacitance  C  are  tj,  m  and  d,  according  to  expressions 
(3-101)  and  (3-110) 

+  «V)  ( d •  +  V  - 1)  +  mil  +  &P|')1  (V  +  d*  +  dm)  - 

—  (2tjV  -+■  2 dd‘  +  dm '  +  d'm)  mt\  (d*  -f-  tj*  —  1)  —  0.  (3-tllJ^ 
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Since 


>  1  dC ,  i< 

1  dd  ~  ’  d 


after  conversions  we  obtain 


dd 

dS 


i  j 

y  <♦*  -jj- 1  m 


dm  1  dC  - 
dC  *"  2  HT’ 


md-1.  _  (3-112) 

Substituting  the  value  of  m  and  d,  expressed  through  p,  we 


obtain 


DOC  -  83138011 


PAGE 


If  one  considers  that  p*l/u,C,,  then  the  condition  for  a  minimum 
change  in  the  phase  <p  with  a  change  in  capacity/capacitance  C  can  be 
registered  in  the  following  form: 

Relationships/ratios  (3-113)  and  (3-114)  coincide  with  the 
conditions,  obtained  by  S.  A.  Shkabara,  on  the  basis  of  energy 
relationships/ratios  [72]. 

Condition  (3-114)  structurally/constructurally  can  be  performed 
by  two  methods:  connecting  in  series  with  the  inductance  of 
duct/contour  resistor/resistance  Rw  manufacturing  self-inductor  from 
the  wire  with  the  high  ohmic  resistance. 

The  curves  of  a  change  in  the  energy  factor  of  the  usual  and 
stabilized  duct/contour  are  given  in  Fig.  66.  From  the  curves  it  is 
evident  that  the  effect  of  stabilization  is  considerable  with  a 
change  in  the  capacity/capacitance  of  duct/contour  to  50%. 
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Fig.  66.  The  curves  of  a  change  in  the  energy  factor  of  oscillatory 
circuit  with  a  change  in  the  capacity/capacitance:  1  -  R1>p*/R»?  2 
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Chapter  4. 

FUNCTIONAL  AMPLIFIERS  WITH  THE  ADDITION  OF  OUTPUT  EFFECTS. 

Si.  Conditions  of  the  construction  of  amplifier  circuits. 

Output  effects  independent  of  circuit  solution  and  structure  of 
the  reinforced  signal  must  store/add  up  on  the  total  load  linearly, 
otherwise  the  AKh  of  the  amplifier  will  differ  from  functional. 
Linear  addition  can  be  realized,  if  the  source  of  output  effect  is 
current  generator  with  a  high  internal  resistor/resistance  of  Rr 
(Fig.  67),  signals  in  the  form  of  video  pulses  synchronize  and 
polarity,  and  signals  in  the  form  of  radio  oscillations  coincide  in 
the  phase. 

For  satisfaction  of  the  first  condition  must  be  performed  the 
inequality 

Rr  >  l0i?g.  g,  (4-1) 

where  R*.0—  the  total  resistance  of  the  load  of  current  generators. 


i 
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Current  generator  in  the  diagram  in  Fig.  67  substitutes 
amplifier  stage  for  aperiodic  FU  or  nonlinear  amplifier  nucleus, 
which  consists  of  amplifier  stage  and  corrective  element/cell 
(detector,  the  untying  cascade/stage )  for  the  selective  amplifiers, 
and  is  considered  the  delay  time  of  the  pulse  signal  t,  or  the  change 
in  the  phase  of  radio  signal  A<o.  For  the  coincidence  of  the  fronts  of 
video  pulses  and  obtaining  of  the  identical  phase  of  the  radio 
signals,  which  enter  the  total  load,  it  is  necessary  to  apply  the 
special  time-delay  or  phase-correcting  devices/equipment. 

For  consecutive  type  aperiodic  and  sufficiently  yarrow-band 
selective  pulse  FU  with  the  video  output  for  the  coincidence  of  the 
fronts  of  video  pulses  it  is  possible  to  apply  artificial  delay 
lines,  which  must  satisfy  the  following  requirements: 

1.  The  delay  time  of  the  segment  of  line,  connected  between  two 
amplifier  stages,  in  the  first  approximation,  must  equal  the  transit 
time  of  the  impulse/momentum/pulse  through  amplifier  stage  for 

the  aperiodic  amplifier 

■  CuRq',  (4*2) 

for  the  single-circuit  selective  amplifier 


*•.  k  “  2C&R 


(4-3) 
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2.  Delay  lines  must  have  sufficiently  wide  passband  so  that 
video  pulses  would  not  be  distorted.  The  wider  the  passband  of  line, 
the  lower  the  rise  time  and  distortion  of  video  pulse  at  the  output 
of  line. 

3.  Delay  lines  must  have  high  quality  in  order  not  to  introduce 
high  attenuations. 

During  timing  of  delay  according  to  formula  (4-2)  it  is 
necessary  to  remember  that  in  the  control  of  amplification  the 
passband  of  cascade/stage  is  changed,  as  a  rule,  is  widened,  when  the 
very  high  accuracy  of  the  coincidence  of  the  pulse  edges,  which  are 
folded  on  the  total  load,  is  required,  in  formula  (4-2)  it  is 
necessary  to  substitute  the  value  the  passband  of  cascade/stage, 
which  corresponds  to  the  average/mean  value  of  signal  level  at  the 
input  of  this  cascade/stage  .  The  best  results  are  obtained,  if  the 
value  of  passband  is  taken  with  the  signal,  which  corresponds  to  the 
middle  of  the  functional  section  of  AKh  of  cascade/stage. 

Since  FU  is  nonlinear,  during  the  amplification  of  pulse  signals 
during  stricter  calculations  should  be  determined  delay  time  on  the 
base  of  the  transient  processes,  which  take  place  in  amplifier  stage. 
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on  different  input  signal  levels. 

A  detailed  theory  of  artificial  delay  lines  (filters)  with 
concentrated  and  distributed  parameters,  and  also  the  procedure  of 
calculation  of  these  lines  are  presented  in  works  [46,  86].  In  the 
present  work  only  some  positions  about  the  delay  lines,  necessary  for 
designing  the  amplifiers  with  FAKh,  are  examined.  Delay  lines  with 
concentrated  constants  can  consist  of  T-  and  U-shaped 
components/1 inks  of  the  type  of  the  constant  k  or  of  the  derived 
components/ links  of  the  type  m. 
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Fig.  67.  Equivalent  diagram  of  FU  with  the  addition  of  output 
effects . 

Page  221. 

In  the  equivalent  diagram,  depicted  in  Fig.  67,  the  delay  line  with 
concentrated  parameters,  which  consists  of  the  U-shaped 
components/1 inks  of  the  type  k,  is  used.  The  delay  time  of  a 
component/1 ink  of  the  type  k  is  determined  from  the  formula 

t*  -  VIS,  (4-4) 

where  L  -  series  inductance  of  component/1 ink;  C  -  shunt  capacitance 
of  component/1 ink. 

If  delay  line  consists  of  n  components/1 inks ,  then  the  caused  on 
time  base  of  the  delay 

Tb  —  ntr  (4-5) 

If  between  the  amplifiers  of  cascade/stage  it  is  connected  on 
one  component/ link,  then  must  be  performed  the  equality 
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Any  section  of  delay  line,  which  in  the  case  of  selective 
amplifiers  combines  the  detectors  of  adjacent  cascades/stages,  it  is 
the  at  the  same  time  interstage  filter,  which  does  not  pass 
intermediate  frequency.  So  that  in  the  delay  line  reflections  would 
not  appear,  it  must  be  loaded  from  the  output  and  the  input  with  the 
effective  resistance,  equal  to  its  characteristic  (wave) 
res  is tor/ res istance 

1  SB  Z„_0  *  p  •  jr ,  (4*7) 

where  u>  -  angular  frequency. 

One  should  note  that  the  delay  time  t,  and  line  characteristic 
depend  on  frequency.  Therefore  virtually  it  is  not  possible  to  match 
line  with  the  load  in  the  wide  passband  of  frequencies. 

In  work  [44]  it  is  shown  that  only  for  one  section  of  the  type  k 
are  found  the  optimum  values  of  load  for  the  case,  when  load  consists 
of  effective  resistance  of  R,  which  do  not  depend  on  the  frequency, 
with  attains  the  constancy  only  of  one  of  the  parameters  of  delay 
line  in  the  broadband.  For  example,  in  order  to  obtain  active  output 
resistance  of  line  for  a  T-  component/1 ink ,  one  should  choose  R=0.75p 
in  order  to  obtain  the  minimum  of  reactive  component  of  the  input 
resistance  R*0.95p,  and  the  constancy  of  .delay  time  -  R=0.97p.  For  a 
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P-  component/1 ink  the  values  of  these  coefficients  are  respectively 
equal  to:  1.5;  2.06;  1.65. 

Page  222. 

As  a  result  of  a  change  in  the  characteristic  impedance  to  match 
delay  line  with  the  load  is  virtually  possible  only  in  the  part  of 
the  band  of  transparency.  For  the  components/1 inks  of  the  type  k  the 
characteristic  impedance  is  approximately  constant  in  the  limits 
approximately/exemplarily  of  half  of  the  band  of  transparency. 
Therefore  during  calculations  of  delay  lines,  which  consist  of  the 
components/1 inks  of  the  type  of  the  constant  k,  even  when  stringent 
requirements  on  the  accuracy  of  reproduction  of 

impulses/momenta/pulses  are  not  imposed,  tentatively  it  is  possible 
to  count  the  passband  of  frequencies  not  more  than  half  of  the  band 
of  transparency.  The  poor  use  of  a  band  of  transparency  in  the  delay 
lines,,  comprised  of  the  components/1 inks  of  the  type  of  the  constant 
k,  is  essential  deficiency/lack  and  limits  their  use/application. 

The  band  of  transparency  considerably  better  is  used,  if  derived 
components/ links  of  the  type  m  are  applied,  in  this  case  it  is 
possible  to  widen  the  frequency  band,  in  limits  of  which  is  realized 
the  agreement  with  the  load,  and  the  frequency  band,  within  limits  of 
which  sufficiently  accurately  is  retained  the  value  of  delay  time;  to 
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increase  the  delay  time,  caused  on  separate  component/1  ink,  without  a 
change  in  the  pulse  rise-time  at  the  output. 

Delay  time  of  a  derived  component/1 ink  of  the  type  m  [46] 

r;  =  m  Via  (4-8) 

Value  m,  at  which  the  delay  time  remains  constant  in  possible 
broadband,  is  equal  to  1.23  [44].  To  even  more  decrease  the  frequency 
and  phase  distortions  in  the  delay  lines  is  possible,  connecting  in 
parallel  to  the  inductive  elements  of  delay  line  special  corrective 
capacities/capacitances  [46]. 

Very  good  data  have  delay  lines  with  the  distributed  parameters, 
made  with  the  broad  band  transparency  (with  the  maximum  cut-off 
frequency  to  10-20  MHz)  and  with  the  high  quality.  It  is  most 
expedient  to  apply  such  lines  in  UPCh,  intended  for  amplifying  the 
narrow  pulses  with  a  duration  of  *,<0,5  us. 

However,  with  an  increase  in  the  maximum  boundary-like  character 
the  frequencies  of  the  delay  line  of  the  condition  of  the  decoupling 
between  the  cascades/stages  deteriorate  and  amplifier  is  inclined  to 
the  self-excitation. 


Page  223. 
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For  the  broadband  selective  amplifiers,  when  the  inequality 

T  >  0,5  (4-9) 

is  fulfilled  and  the  delay  time  of  cascade/stage  very  little,  to 
apply  delay  line  as  the  untying  element/cell  there  is  no  sense.  In 
this  case  should  be  applied  the  untying  cascades/stages,  which  can  be 
connected  in  parallel  and  loaded  to  the  general/common/total 
effective  resistance  (Fig.  16e)  or  connected  parallel-series  (Fig. 
16g).  In  this  case  the  pulse  edges  on  the  time  do  not  coincide.  If 
inequality  is  fulfilled  the  addition  of 

impulses/momenta/pulses  is  realized  sufficiently  well. 

If  £t  both  ends/leads  of  the  delay  line  are  connected  the 
effective  resistance,  equal  in  magnitude  to  the  line  characteristic 
of  delay  p=R  (Fig.  67),  the  total  resistance  of  load  on  the  video 
frequency  for  all  current  generators  —  0,5p.  Then  according  to 
(4-1)  at  the  given  value  of  the  internal  resistor/resistance  of 
current  generator  /?P  resistor/resistance  p  must  be  chosen  from  the 
condition 

P  <  ^ .  (4"10> 

S2.  Aperiodic  functional  vid§o  amplifiers. 

In  the  aperiodic  amplifiers  of  UP  in  essence  they  switch  on  by 
circuits  with  the  common  cathode  or  the  general/common/total  emitter, 
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which  change  the  phase  of  the  reinforced  signal  on  180°.  Because  of 
this  it  is  not  possible  to  sum  the  pulse  signals,  taken  directly  with 
the  output  of  UK. 

For  adding  the  video  pulses  in  consecutive  type  multistage  FU  it 
is  necessary  at  the  outputs  of  odd  (or  even)  amplifier  stages  to 
include/connect  the  phase-inverting  cascades/stages  ( FIK) ,  which  turn 
the  phase  of  signal  on  180°.  If  FIK  are  connected  at  the  outputs  of 
odd  cascades/stages  ( element^/cells  1’,  3’,  ...  in  Fig.  16c),  then 
for  the  decoupling  of  remaining  cascades/stages  and  guarantee  of 
stable  work  of.  amplifier  at  the^-outputs  of  even  UK  it  is  necessary  to 
include/connect  the  cathode  (KP)  or  emitter  (EP)  followers 
(elements/cells  2’,  4'  ...  in  Fig.  16c). 

As  FIK  can  be  used  the  cascade/stage,  made  on  the  diagram  with 
the  common  cathode  or  the  general/common/total  emitter.  Amplitude 
characteristic  of  FIK  must  be  linear  in  ShDD.  For  this  in  FIK  is 
introduced  deep  negative  feedback. 

The  schematic  diagram  of  two  cascades/stages  aperiodic  pulse  of 
FU  on  the  tubes  is  shown  in  Fig.  68. 


Page  224. 
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At  the  output  of  the  first  cascade/stage,  assembled  on  the  tube  Llf 
is  connected  FIK,  made  on  the  tube  L,;  at  the  output  of  the  second 
cascade/stage  (L,)  it  is  connected  the  cathode  follower,  assembled  on 
the  tube  L4.  As  can  be  seen  from  diagram  in  Fig.  68,  the 
resistor/resistance  of  current  generator  on  the  circuit  of  FIK  is  R3, 
and  on  the  circuit  KP  -  sum  of  resistors/resistances  R«+Rs.  According 
to  the  condition 

(4-1)  /?,>/?«.„»-£-. 

Then  transmission  factor  on  the  circuit  FIK 

k’  _  1  ^Rn.a 

+  a.) 

where  S„  —  the  slope/transconductance  of  the  cathode  characteristic 
of  tube;  R\  -  resistor/resistance  of  feedback  in  the  cathode  circuit 
of  tube  L,. 

Transmission  factor  on  the  circuit  KP  when 

jk* - S*R%.o  M  _ £kP _ 

Transmission  factors  it,  and  k”,  can  be  changed,  changing  the 
depth  of  negatively  current  feedback  of  signal  with  the  help  of  the 
slides/wipers,  blocked  by  great  capacities  of  Ct.  and  C,.  with  a 
change  in  the  values  of  the  resistors/resistances  of  feedback  R’3  and 
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R',  in  the  signal  current  the  values  of  resistors/resistances  for  the 
direct  current  in  the  cathodes  of  tubes  La  and  L4  remain 
constant/invariable.  This  causes  the  constancy  of  the  mode  of 
operation  of  tubes  L,  and  L4  on  the  direct  current  during  the 
adjustment  of  transmission  factors  k'f  and  k\. 

For  obtaining  the  assigned  form  of  FAKh  the  coeffcients  of 
transmission  ^  and  k\  in  the  multistage  amplifier  must  be 
calculated  by  the  formulas,  presented  in  S5  of  Chapter  1. 


Advantages  of  diagram. 
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Fig.  68.  Schematic  diagram  of  logarithmic  video  amplifier  with  the 
addition  q f  output  effects. 

Page  225. 

Possibility  of  realization  of  FAKh  with  b=var(j)  and  (T),  i.e., 
any  form. 

Possibility  of  obtaining  the  sufficiently  stable  delay  time 
total  output  pulse  with  the  execution  of  amplifier  with  the  diagram 
(Fig.  16g)  without  the  delay  line.  This  is  possible  to  achieve, 
selecting  the  appropriate  value  of  the  time  constant  of  loads  of  FIK 
(elements/cells  1",  3",  ....  on  Fig.  16g)  and  KP  (elements/cells  2", 
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4" ,  ...  in  Fig .  16g) . 

However,  diagram  has  the  following  deficiencies/lacks: 

Diagram  is  fairly  complicated. 

On  the  high  signal  level  appears  the  considerable  parasitic 
reverse/inverse  overshoot,  which  toward  the  end  of  the  dynamic  range 
of  FAKh  with  b*var(4,)  of  60-70  dB  can  reach  50-80%  of  the  value  of 
the  signal  pulse  in  the  dependence  on  the  selected  modes/conditions 
of  tne  tubes  of  amplifier  stages.  After  the  break-down  of  the  signal 
pulse  the  diagram  for  a  prolonged  time  loses  sensitivity. 

This  phenomenon  is  caused  by  the  appearance  of  considerable  grid 
currents  in  the  cascades/stages,  on  input  of  which  the 
impulses/momenta/pulses  of  positive  polarity  act. 

Everything  said  relative  to  diagram  on  the  tubes  in  the  equal 
measure  relates  also  to  the  transistor  circuit. 

From  the  deficiencies/lacks  indicated  are  to  a  considerable 
extent  free  FU,  in  which  UK  are  made  on  the  cascode  diagrams:  the 
general/common/total  anode  -  common  grid  (OA-OS)  or  common 
collector/receptacle  -  general/common/total  base  (OK-OB).  Such 
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cascades/stages  have  high  input  resistance  and  is  not  changed  the 
phase  of  the  reinforced  signal. 

The  schematic  diagram  of  the  logarithmic  amplifier,  made  on  the 
cascode  diagrams  OA-OS,  is  given  in  Fig.  69.  Let  us  consider  the 
first  cascade/stage,  assembled  on  the  tubes  Lx  and  L,. 

For  obtaining  FAKh  of  multistage  amplifier  it  is  possible  to 
summarize  the  signals,  taken  with  any  of  three  points  1,  2  or  3. 
However,  it  is  most  expedient  to  summarize  the  signals,  taken  from 
the  anode  of  the  first  tube  Lt  (point.®  1),.  In  this  case  the 
virtually  complete  decoupling  of  the  circuit  of  addition  and  circuit 
of  amplification  without  the  further  untying  cascades/stages  is 
obtained.  During  the  addition  of  the  signals,  taken  from  points  2  or 
3,  it  is  necessary  to  place  the  further  untying  cascades/stages, 
which  is  economically  disadvantageous. 

From  the  diagram  in  Fig.  69  it  is  evident  that  the  first  part  of 
the  cascode  diagram,  made  on  the  tube  Lr/  is  phase- invert ing 
cascade/stage  of  FIK,  and  the  second  part  on  the  tube  L ,  -  by 
amplifier. 
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For  simplification  in  the  diagram  the  anodes  of  the  tubes  of 
phase- inverting  cascades/stages  (Lw  L3,  L1X)  are  connected 

directly  to  the  resistance/resistor  of  load  Rlt  without  the  delay 
line.  It  is  natural  that  in  the  diagram  in  question  also  can  be  used 
the  delay  line. 

To  the  input  of  diagram  it  is  necessary  to  supply  the  pulse 
signal  of  negative  polarity.  Then  on  the  total  load  the 
impulses/momenta/pulses  of  positive  polarity  will  store/add  up.  With 
the  increase  of  signal  into  the  mode/conditions  of  limitation  by  the 
first  enters  latter/last  FIK  (Llt),  then  next-to-last ,  etc. 
Limitation  in  the  phase-inverting  cascades/stages  is  realized  due  to 
the  cutoff  of  anode  current  in  the  absence  of  grid  currents.  Let  us 
assume  that  with  the  closing  of  tube  of  FIK  circuital  current  of  the 
anode  will  be  changed  to  value  A/,  =  Then  the  maximum  output 
voltage  of  signal  taken  from  total  load  #„.<* 

U Mix.  M&KC  ™  (4-H) 

4-1 

where  n  -  quantity  of  FIK  that  entered  the  cutoff  conditions. 

For  the  realization  of  the  linear  addition  of  voltages/stresses 
on  the  total  load  must  be  performed  the  inequality 

n 

...  =•  -  £«  -  R*.  •  f4*14* 

where  minimum  voltage  on  the  anode  of  tube  of  FIK,  at  whom 


the  parameters  of  tube  still  virtually  are  not  changed. 


Fig.  69.  Schematic  diagram  of  the  logarithmic  video  amplifier  with 
the  addition  of  voltages/stresses  on  the  cascode  diagrams. 

Key:  (1) .  +200  V. 

Page  227. 

Cascode  diagram  can  be  assembled  on  the  twin  triode,  included  in 
one  tank/balloon,  which  reduces  the  overall  sizes  of  amplifier  [43]. 
However,  the  parameters  of  triode  to  a  considerable  extent  are 
changed  with  a  change  in  the  voltage  on  the  anode  of  tube,  in 
consequence  of  which  on  the  high  signal  levels  the  linearity  of  the 
addition  of  signals  is  broken.  On  the  reason  indicated  cascode 
diagrams  must  be  performed  on  the  pentodes. 

With  identical  tubes  and  satisfaction  of  condition  R,>l/S  it  is 
possible  to  consider  that  FIK  on  the  cathode  circuit  is  loaded  to  the 
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input  resistance  of  cascade/stage  with  the  common  grid,  which  is 

approximately/exemplar ily  equal  to  Then  the  coefficient  of 

s 

transmission  of  FIK  on  the  cathode  circuit  with  the  identical  tubes 
tentatively  can  be  accepted 

s  •  — 

K+.  I,  - - L-  0,5. 

i  +  sj. 

Choosing  the  appropriate  initial  mode  of  operation  of  tubes  on 
the  direct  current,  it  is  possible  to  carry  out  their  work  without 
the  grid  currents  in  entire  dynamic  range  of  FAKh.  It  is  necessary  to 
note  that  the  appearance  of  grid  currents  in  the  second  tube  of 
cascode  diagram  is  not  dangerous,  since  between  the  tubes  there  is  a 
conductiye  coupling  and  isolating  capacitor  is  absent. 

On  the  diagram,  analogous  to  Fig.  69,  logarithmic  transistorized 
amplifier  can  be  made.  If  amplifier  is  made  on  transistors  of  type 
p-n-p,  on  the  input  of  amplifier  it  is  necessary  to  supply  the 
impulses/momenta/pulses  of  positive  polarity,  and  vice  versa,  if 
transistors  of  type  n-p-n  are  used,  to  the  input  of  amplifier  should 
be  supplied  the  impulses/momenta/pulses  of  negative  polarity. 

In  the  amplifiers,  made  on  the  cascode  diagrams,  it  is  possible 
to  obtain  LAKh  of  sufficiently  high  accuracy.  This  is  explained  by 
the.  fact  that  general/common/total  AKh  of  amplifier  is  formed/shaped 
due  to  the  amplitude  characteristics  of  phase-inverting 
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cascades/stages.  The  latter,  in  turn,  are  formed/shaped  with  the 
lower  section  of  passage  characteristic  of  UP,  which  sufficiently 
accurately  (especially  in  the  transistors)  reproduces  logarithmic  law 
with  the  closing  of  UP. 

The  five-stage  amplifier,  whose  schematic  is  given  in  Fig.  69, 
has  the  following  daa:  Ko=9400;  upper  cut-off  frequency  with  the  work 
in  linear  conditions  Fm»m  -  1.3  MHz;  DnAx  =“  70  dB;  4  •  10~4  v; 

5U*4%  converted  slope/transconductance  of  LAKh  a**0.4  V/dB. 

Page  228. 

Slope/transconductance  of  LAKh  it  is  possible  to  vary  in  the  wide 
repartitions/conversions,  changing  the  load  on  FIK. 

In  the  amplifiers,  made  on  the  transistors,  to  one  cascade/stage 
the  range  of  LAKh  to  20  db  can  be  obtained.  Slope/transconductance  of 
LAKh  is  less  than  in  the  vacuum-tube  amplifiers. 

The  absence  of  parasitic  reverse/ inverse  overshoots  and  the 
virtually  instantaneous  restoration/reduction  of  the  sensitivity  of 
diagram  after  the  break-down  of  large  pulse  signal  is  one  of  the 
essential  advantages  of  the  logarithmic  video  amplifier,  made  on  the 
cascode  diagrams. 
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The  need  of  applying  the  increased  feed  on  the  circuits  of  the 
collector/ receptacle  of  phase-inverting  cascades/stages  is  certain 
structural/design  deficiency/lack,  which  is  inherent  in  all 
transistor  circuits  with  the  addition  of  output  voltages/stresses. 

S3.  Consecutive  type  functional  selective  amplifiers  with  the  video 
output . 

In  the  selective  amplifiers  both  on  the  tubes  and  on  the 
transistors  it  is  easiest  to  obtain  FAKh  on  the  video  voltage,  after 
forming  the  detected  voltages/stresses  on  the  total  load. 
Sufficiently  many  works  are  devoted  to  questions  of  the  circuit 
solution  of  the  logarithmic  amplifiers  with  the  consecutive  addition 
of  the  detected  voltages/stresses.  The  essence  of  the  work  of  all 
diagrams  is  identical  (S5,  Chapter  1).  Circuit  solutions  are 
characterized  by  a  quantity  of  instruments,  utilized  for 
amplification  and  detection  of  radio  signals.  To  reinforce  and  to 
detect  the  voltage/stress  of  high  frequency  can  one  or  two  separate 
electronic  devices.  Depending  on  this  of  the  schematic  of  functional 
selective  amplifiers  with  the  video  output  it  is  possible  to  divide 
into  the  diagrams:  with'  the  separate  detectors;  with  the  cathode  or 
emitter  detection;  by  anodic  or  collector  detection;,  by  grid  or  base 
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Functional  amplifiers  with  the  separate  detectors. 

■i 


The  simplified  diagram  of  FU  with  the  separate  detectors  is 
given  in  Fig.  70.  In  the  given  diagram  the  voltage/stress  of  high 
frequency  is  reinforced  by  cascades/stages  y„  . . y„_i,  y„,  to  outputs 

of  which  they  are  connected  detectors  Rx . Mn,  having  particular 

loads  Rh  and  general/common/total  #«.*-»-£-,  on  which  they  store/add  up 
the  detected  voltages/stresses. 


Page  229. 

Each  UP  works  as  amplifier  or  as  the  output  stage.  With  the  small 
input  voltage  the  cascades/stages  have  linear  amplification,  then 
with  an  increase  in  the  voltage/stress  amplification  is  reduced  and 
finally  cascade/stage  is  saturated.  Since  with  the  increase  of  signal 
all  cascades/stages,  beginning,  from  the  latter, 

consecutively/serially  are  overloaded,  it  is  very  important  that  the 
behavior  of  cascade/stage  in  the  handled  state  would  be  completely 
specific.  It  is  necessary  also  that  output  potential  of  cascade/stage 
with  saturation  would  be  constant  and  it  did  not  depend  on  the  value 
of  signal. 


££££££££ 
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During  the  development  of  diagram  of  FU  with  the  separate 
detectors  it  is  necessary  to  know,  what  diagram  of  UK  should  be  used; 
it  is  necessary  whether  to  apply  in  the  diagram  of  ARU,  based  on  the 
nonlinearity  of  characteristic  of  UP;  to  what  point  of  diagram  of  UK 
most  expedient  to  connect  detector. 

In  selective  FU  with  the  separate  detectors  it  is  possible  to 
apply  all  known  circuit  diagrams  of  UP,  including  cascode. 
Considerations  by  choice  of  diagram  in  essence  are  the  same  as  for 
the  linear  amplifier. 

Functional  anjplifier  can  be  made  both  from  ARU,  based  on  the 
nonlinearity  characteristic  of  UP  and  without  it. 


Fig.  70.  Simplified  circuit  of  FU  with  the  separate  detectors. 

Page  230. 

In  the  absence  of  ARU  in  the  diagram  the  series/row  of  undesirable 
phenomena  is  observed.  Under  the  influence  of  large  signals  amplifier 
instruments  enter  into  the  mode/conditions  of  a  deep  saturation.  If 
as  UP  vacuum  lamps  are  used,  upon  the  saturation  the  following 
processes  are  observed:  considerable  circuital  current  of  control 
electrode  of  tube  appears,  in  consequence  of  which  the  input 
resistance  of  cascade/stage  descends  and  recovery  time  of  the 
sensitivity  of  amplifier  after  the  break-down  of  signal  increases; 
the  current  of  the  screen  grid  of  tube  sharply  grows,  in  consequence 
of  which  is  reduced  voltage/stress  on  the  screen  grid  and, 
consequently,  also  is  reduced  the  slope/transconductance  of  tube  and 
the  output  voltage/stress  of  cascade/stage. 
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For  the  rapid  restoration/reduction  of  the  maximum  sensitivity 
of  amplifier  after  the  action  of  large  signals  it  is  necessary  that 
the  handled  cascades/stages  would  rapidly  restore  maximum 
sensitivity.  For  this  it  is  necessary  to  provide  the  number  of  the 
measures,  which  ensure  the  virtually  instantaneous  discharge  of 
transient  capacity/capacitance  after  the  break-down  of  large  signal. 
If  amplifier  stage  is  assembled  on  the  diagram  with  the  series  feed, 
it  is  necessary  to  apply  the  diagram  of  amplifier  stage  with  parallel 
feed  and  choke/throttle  in  the  circuit  of  control  electrode  of  tube. 

In  order  to  attain  the  constancy  of  the  output  voltage/stress  of 
cascade/stage  in  the  saturation  mode,  it  is  necessary  to  ensure  the 
constancy  of  voltage/stress  on  the  screen  grid  of  the  tube:  a)  by  the 
selection  of  the  largest  possible  value  of  capacity/capacitance  C* 
of  that  shunting  screen  grid.  During  the  amplification  of  pulse 
signals  the  time  constant  of  capacity/capacitance  c,  and  .anode 
resistance  on  the  screen  grid  during  the  overloading  must  be  large  in 
comparison  with  the  repetition  period  of  impulses/momenta/pulses.  In 
this  case  the  voltage/stress  on  the  screen  grid  remains  in  effect 
constant.  The  limiting  factor  are  the  overall  sizes  of 
capacitor/condenser;  b)  by  application  of  voltage  on  the  screen  grid 
of  tube  from  the  voltage  divider.  The  values  of  the 
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resistors/resistances  of  divider  are  chosen  by  such  that  the  current 
of  divider  would  be  10  times  more  than  the  current  of  screen  grid.  In 
this  case  capacity/capacitance  c,  it  is  possible  to  take  somewhat 
smaller  than  in  the  first  case;  c)  by  application  of  voltage  on  the 
screen  grid  is  direct  from  the  anodic  power  supply  through  the 
choke/throttle.  In  this  case  capacity/capacitance  C»  can  be  selected 
smallest  of  all  three  cases  examined.  The  constancy  of  voltage/stress 
on  the  screen  grid  is  ensured  by  the  constancy  of  the  voltage  of 
anodic  power  supply. 

Vacuum-tube  amplifier  with  ARU  due  to  the  nonlinearity  of  the 
characteristic  of  tube  is  to  a  considerable  extent  deprived  of  these 
deficiencies/lacks . 

Page  231. 

If  as  UP  transistors  are  used,  then  with  the  work  of 
cascade/stage  in  the  saturation  mode  base  current  sharply  increases, 
in  consequence  of  which  the  transistor  can  fail?  increases  recovery 
time  of  maximum  sensitivity  as  a  result  of  the  fact  that  the 
transition  of-  transistor  from  the  saturation  mode  into  the  normal 
mode  of  work  flows/occurs/lasts  for  a  comparatively  wide  interval  of 
time;  parasitic  oscillation  [98]  passes  transistor  into  the  converted 
mode/conditions  and  in  the  amplifier  appears.  The  converted 
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mode/conditions  appears  on  the  high  level  of  the  signal,  when  the 
bias  voltage  of  the  transitions  of  transistor  becomes  opposite  on  the 
sign  relative  to  the  bias  voltage  normal  mode. 

In  the  presence  in  diagram  of  reverse  mode  it  is  sufficient  one 
random  impulse/momentum/pulse  so  that  as  a  result  of  collision 
excitation  of  parasitic  oscillations  would  arise.  Physics  of  the 
onset  of  parasitic  oscillations  in  the  high-frequency  transistors 
during  the  converted  mode/conditions  of  transistor  is  described  in 
work  [98]. 

Parasitic  oscillation  with  the  overloading  of  transistor  can  be 
reduced,  join  up  of  collector/receptacle  consecutively/serially  with 
the  oscillatory  circuit  (between  the  collector/receptacle  and  the 
duct/contour)  active  grid  suppressor  on  the  order  of  hundreds  of 
ohms;  increasing  direct/constant  voltage  of  the  feed  of  the  circuit 
of  collector/receptacle  and  applying  efficient  diagram  of  ARU. 

Consequently,  in  the  amplifier  it  is  expedient  to  apply  ARU, 
based  on  the  nonlinearity  of  the  characteristics  of  transistor,. 
However,  in  the  wideband  amplifiers  with  fulfilling  of  inequality 
y>0,5  this  ARU  cannot  be  applied.  In  this  case  the  operational 
conditions  of  transistors  must  be  chosen  so  that  with  the  overloading 
of  transistors  the  latter  would  not  go  out  of  order  due  to  the 
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excessive  increase  of  base  current. 

During  the  selection  of  the  point  of  the  connection  of  detector 
it  is  necessary  to  proceed  from,  in  the  first  place,  the  input 
capacitance  of  diode  in  the  smallest  measure  would  affecting  the 
resonance  frequency  of  cascade/stage,  which  is  especially  important 
in  the  wideband  amplifiers  with  small  capacities/capacitances  in  the 
ducts/contours,  and,  in  the  second  place,  the  signal,  which  enters 
the  detector,  must  be  sufficient  to  large  ones  so  that  the  detector 
would  work  in  the  linear  conditions.  The  conditions  examined  are 
contradictory,  since,  on  the  basis  of  the  first  condition,  the 
detector  must  be  connected  partially  to  the  load,  and  on  the  basis  of 
the  second  -  completely.  Concrete/specific/actual  circuit  solution 
depends  on  the  type  of  detector  and  required  slope/transconductance 
of  FAKh  of  amplifier. 

Page  232. 

As  the  detectors  the  semiconductor  diodes  or  transistors  can  be 
used.  According  to  (4-1)  the  resistance/resistor  of  the  load  of 
detector  ru  (Fig.  70)  is  chosen  from  the  condition 

Rn  >  10/?*.  „  —  5p. 

Transmission  factor  of  the  detected  voltage/stress  on  the  total 


DOC  *  83138012 


PAGE 


load 

*-**-*»Vyr  (4-'5) 

Changing  resistor/resistance  Ru,  it  is  possible  to  obtain  the 
appropriate  value  of  the  coefficient  of  transmission  k  for  each 
cascade/stage. 

The  possible  versions  of  the  connection  of  capacity/capacitance 
C*.  blocking  resistor/resistance  Rm  in  the  high  frequency,  they  are 
shown  in  Fig.  70. 

The  value  of  the  time  constant  of  detector  t„  —  CHR*  in 
narrow-band  FU  calculates  as  for  the  usual  detectors,  on  the  basis  of 
the  compromise  condition  of  obtaining  the  minimum  pulse  rise-time  and 
sufficient  filtration  of  high  frequency.  For  broadband  FU  without  the 
delay  line  the  time  constant  should  be  calculated  from  the 
condition  of  obtaining  the  constancy  of  the  delay  time  of  total 
output  pulse. 

The  value  of  output  voltage/stress,  with  which  sets  in  the 
saturation  of  UK,  to  a  considerable  extent  depends  on  the  input 
resistance  of  the  following  cascade/stage.  From  this  point  of  view 
all  cascades/stages,  with  exception  of  the  latter,  work  in  the 
identical  conditions.  So  that  the  level  of  the  saturation  of 
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latter/last  cascade/stage  on  the  output  voltage/stress  would  not  be 
higher  than  in  the  rest,  its  output  sometimes  it  is  expedient  to 
shunt  by  the  further  semiconductor  diode,  which  limits  the  output 
voltage/stress  (Fig.  70). 


The  diagram  of  logarithmic  band  of  UPCh  on  the  transistors, 
given  in  Fig.  71,  is  an  example  of  the  practical  realization  of 
diagram  with  the  separate  detectors.  In  this  diagram  as  the  amplifier 
nonlinear  cascades/stages  the  cascades/stages  with  ARU,  based  on  the 
nonlinearity  of  the  characteristics  of  transistors,  are  used. 
Amplifier  stages  are  assembled  on  the- common-base  circuit  on  the 
high-frequency  transistors  rlx-Tl7  of  the  type  P417.  Two-circuit 
band-pass  filters  with  the  capacitive  coupling  are  load.  The  first 
duct/contour  is  parallel,  is  second  -  consecutive. 


The  second  oscillatory  circuit  with  the  input  of  the  following 
cascade/stage  is  connected  autoinduct ive .  For  obtaining  the  wide 
passband  and  guarantee  of  stability  of  the  characteristics  of 
amplifier  into  the  ducts/contours  high  attenuations  are  introduced, 
and,  into  the  collector  ducts/contours  -  in  parallel 
(resistor/resistance  R«*-R«,),  and  into  the  emitter  ones  - 
consecutively/serially  (resistor/resistance  R4,-R5J). 


Page  233. 
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The  selected  diagram  of  ducts/contours  is  simple  by  the 
construction/design,  is  easily  tuned  and  has  good  recurrence  of  the 
parameters . 

Chains/networks  of  ARU  are  connected  in  the  emitter  circuit 
(resistor/resistance  R45-R4J  and  capacity/capacitance  C,,-C4S). 

The  emitter  circuits  of  UP  are  fed  from  the  separate  source. 
Therefore  the  resistors/resistances  of  chains/networks  of  ARU  R54-R 
it  is  possible  to  select  sufficiently  large  and  to  obtain  required 
AKh  of  the  cascades/stages  (it  is  necessary  to  ensure  inequality 
/*  «.  ■  ^  U+  «.  ■).  sufficient  temperature  and  temporary/t  ime  [48] 

stability  of  the  parameters  of  amplifier. 

As  the  corrective  elements/cells  the  separate  transistor 
detectors  (on  transistors  Tv-T,  of  the  type  P416)  are  used,  which 
have  the  following  advantages  over  the  diode  ones:  a  comparatively 
high  resistor/resistance,  larger  transmission  factor,  and  with  the 
help  of  them  it  is  possible  to  carry  out  a  good  decoupling  of  UK  in 
the  high  frequency. 


Fig.  71.  The  schematic  diagram  of  logarithmic  UPCh  on  the  transistors 
with  the  separate  detectors:  Tx-T10  -  P416;  Tu-Tn  -  P417;  R^R,  - 
27  kiloohm;  R,-Rlt  -  2  kiloohm;  Rj,-R24  -  3.6  kiloohm;  R2»-R3,  -  30 
ohms;  RJ2-R4,  -  2.7  kiloohm;  R4,-R4J  -  60  kiloohm;  RJ4-R42  -  2.7 
ohms;  R44  -  100  ohms;  C2,-C2l  -  5  pF;  CJ4-C4J  -  150  pF;  C.-C,, 

C 1 1 "C  j  j  *■  20  pF . 

Key:  (1).  linear.  (2).  logarithmic.  (3).  +12  V. 
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Page  234. 

Usually,  in  the  narrow-band  logarithmic  amplifiers  as  the 
summator  delay  lines  with  the  lumped  parameters  are  used.  The  diagranL_ 
in  question  is  broadband  (passband  of  one  cascade/stage  P»12  MHz)  and 
group  signal  delay  in  the  cascades/stages  it  is  possible  to 
disregard.  Taking  into  account  this  fact,  and  also  that  that  the 
detectors  ensure  a  good  decoupling  of  cascades/stages  in  the  high 
frequency,  from  the  diagram  is  excluded  the  delay  line  and  as  the 
adder  is  used  the  resistor/resistance  =  which  is  the  total  load 
of  all  detectors.  The  considerable  decrease  of  the  distortions  of  the 
form  of  the  detected  video  pulse  is  the  corollary  of  this. 

The  inputs  of  detectors  are  connected  to  the  ducts/contours 
auto inductive,  in  consequence  of  which  they  little  affect  the 
resonance  frequency  of  amplifier. 

For  the  linear  addition  of  the  output  voltages/stresses  of 
detectors  must  be  performed  the  inequality 

»r>  10/f*.  (4- 1 6) 
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For  this  with  the  collector  circuits  of  detectors  are  connected 
the  resistance/resistors  of  loads  RH (Rn  —  A**),  which  are  selected  from 
the  condition 

Rh  >  10 Rt.  (4-17) 

Together  with  capacitors/condensers  Ci-C,  they  fulfill  the 
functions  of  the  high-pass  filters,  which  ensure  the  decoupling  of 
amplifier  stages  .  With  the  emitter  circuits  of  the  transistors  of 
detection  cascades/stages  are  connected  control  resistors  R9(Rit-:R»i), 
which  make  it  possible  to  change  the  transmission  factors  of 
detectors  fcB  and  thereby  to  regulate  accuracy  and 
slope/transconductance  of  LAKh. 

The  accuracy  of  LAKh  of  multistage  amplifier  it  is  possible  to 
obtain  the  higher,  the  less  the  scatter  along  the  levels  of 
limitation  in  nonlinear  cascades/stages  umu.h  (Fig.  17).  Due  to  the 
scatter  of  the  parameters  of  transistors,  voltages/stresses-  U»ut.  k  are 
different  in  different  nonlinear  cascades/stages.  For  increasing  the 
accuracy  of  LAKh  and  the  recurrence  of  the  parameters  of  amplifier, 
it  is  desirable  to  make  limitation  level  by  the  independent  variable 
from  the  parameters  of  transistors.  For  this  purpose  in  the  diagram 
(Fig.  71)  the  mode/conditions  of  -the  work  of  transistors  is  selected 
so  that  the  limitation  in  them  begins  somewhat  earlier  than  in 
amplifier  stages.  In  this  case  levels  “•*«..«  are  caused  by  limitation 
in  the  detectors,  they  depend  in  essence  on  the  selected 


DOC  -  83138013 


page  r  ' 


modes/conditions  of  the  work  of  transistors  (supply  voltage)  and 
therefore  they  have  a  small  scatter  and  it  is  sufficiently  stable. 

Page  235. 

The  semicascade  amplifier  has  the  following  parameters:  at  the 
work  in  linear  conditions  K,=3.5*104;  P=4  MHz;  f,*30  MHz;  dynamic 
range  of  LAKh  without  the  detector,  connected  at  the  input  of 
amplifier,  (Tt)  DnAx^Sl  dB;  U%t.  „  s=  2  •  10~§  in;  a*120  mv/dB;  5a«15%. 

Upon  the  start  of  null  detector  (TV)  the  range  increases  to  Da«=s90oa. 

An  amplitude  characteristic  (Fig.  107)  and  an  example  of 
calculation  are  given  in  Chapter  6. 

If  in  the  diagram  the  diode  detectors,  which  work  without  the 
limitation,  are  used,  in  the  UK  it  is  necessary  to  ensure  the 
constancy  of  the  output  voltage/stress  of  amplifier  stages,  which 
work  in  the  mode/conditions  of  limitation.  For  obtaining  by  precise 
LAKh  it  is  necessary  that  the  extent  of  the  horizontal  section  AKh  of 
cascade/stage  would  be  not  less  than  the  working  dynamic  range  d.  It 
is  possible  not  to  be  interested  in  the  form  of  the  amplitude 
characteristic  of  cascade/stage  with  further  increase  of  signal, 
since  the  voltage  on  the  input  will  cease  to  grow  due  to  the 
limitation  in  the  previous  cascade/stage. 
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The  simplest  and  efficient  method  of  obtaining  the  horizontal 
section  is  the  inclusion  into  the  collector  circuit  of  effective 
resistance  flor  (Fig.  54d).  In  this  case  with  a  sharp  increase  of 
collector  current  descends  the  supply  voltage  on  the 
collector/receptacle  of  transistor  and,  consequently,  also  the  level 
of  limitation.  Usually  the  value  of  resistor/resistance  Ror  lies/rests 
within  the  limits  of  300-500  ohms.  The  amplitude  characteristics  of 
cascade/stage  from  ARU  on  transistor  P417  for  the  different  values  of 
resistor/resistance  of  and  modes  of  feeding  of  transistor  are 
given  in  Fig.  72. 

During  the  amplification  of  radio  pulses  the 
capacity/capacitance  of  capacitor/condenser  blocking 
resistor/resistance  R„ ,  by  high  frequency,  is  chosen  such  value  that 
its  resistor/resistance  would  be  sufficient  to  small  ones  for  the 
reinforced  frequencies,  i.e.,  for  variable  component  of  collector 
current,  and  it  is  sufficient  to  large  ones  for  slowly  changing 
constant  component  of  collector  current. 
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Fig.  72.  The  amplitude  characteristics  of  cascade/stage  with  the 
limiting  resistor/resistance:  1  -  *»--*  B.  ««.-#;  2  -  »*•-*  B. 

Hoc-*0  ohm;  3  -  B.  *<«■  -  **»  ohm;  4  -  s“  b  ;B  j  *or - 470  ohm;  5  - 

k „  -  — *  :  ®  •.  Hot-**0  ohm ;  6  -  **“■" 4  B.  '‘or  “ 470  ohm. 

'  > 

Key:  (1).  B.  (2).  liilohm.  (3).  dB. 

Page  236. 


However,  capacitance  value  Cor  must  be  such  that  the  inertness  of 
control  on  the  voltage/stress  on  the  collector/receptacle  would  be 
sufficient  small  and  control  was  realized  according  to  the  law  of  the 
envelope  of  the  radio  pulse.  Chain/network  Ror  —  C0 r  can  be  used  for 
the  suppression  of  prolonged  interference. 


The  diverse  variants  of  the  schematics  of  logarithmic  amplifiers 


are  given  in  works  [7,  8] 
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LOGARITHMIC  SELECTIVE  AMPLIFIERS  WITH  CATHODE  AND  EMITTER  DETECTION. 


Since  the  principle  of  construction  of  FU  on  the  tubes  and  on 
the  transistors  is  identical,  it  is  expedient  diagrams  with  the 
cathode  (anodic)  and  emitter  (collector)  detection  to  consider 
together.  — - 


In  the  amplifier  with  the  cathode  detection  the  tubes  of 
amplifier  are  placed- in  the  mode/conditions  of  amplification  and 
cathode  detection,  so  that  each  of  the  cascades/stages,  except 
voltage  amplification  with  the  oscillations  of  intermediate  frequency 
and  its  supply  to  the  following  cascade/stage,  detects  the 
voltage/stress  of  radio  pulses  and  gives  independent  of  other 
cascades/stages  the  component  of  the  output  voltage/stress  of  video 
pulse  on  the  total  load. 


The  simplified  circuit  of  two  cascades/stages  on  the  pentodes 
with  the  cathode  detection  is  shown  in  Fig.  73.  Sufficiently  high 
resistor/resistance  in  the  cathode  circuit  of  tube  of  UK  is  the 
resistance/resistor  of  the  load  of  cathode  detector.  The  diagram  of 
cascade/stage  with  the  cathode  detection  does  not  differ  from  diagram 
with  ARU  in  pulse  envelope.  . 
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The  FAKh  of  multistage  amplifier  in  this  diagram  is  obtained 
just  as  in  the  diagram  with  the  separate  detectors.  From  the  cathode 
resistor/resistance  of  each  cascade/stage  the  detected 
voltages/stresses  of  the  video  pulses  of  positive  polarity  are 
removed/taken  and  they  enter  delay  line,  where  they  store/add  up  on 
total  load  0  —  ■— . 

Amplitude  characteristic  of  UK  on  the  radio-voltage  is  the  same 
as  in  the  cascade/stage  with  ARU. 

the  simplest  diagram  with  the  cathode  detection  has  the 
essential  deficiencies/lacks,  basic  of  which  are: 

1)  the  penetration  of  the  voltage  of  video  pu-se  because  of  this 
with  the  saturation  of  one  of  the  cascades/stages  the  bias  voltage  in 
all  amplifier  stages  automatically  is  changed. 

Page  237. 

Therefore  it  is  difficult  to  fit  the  necessary  modes  of  operation  of 
cascades/stages  and  to  obtain  LAKh  of  multistage  amplifier  in  the 
broad  dynamic  band;... 
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2)  the  presence  of  connection/conununication  between  the 
cascades/stages  on  the  video  frequency,  in  consequence  of  which  the 
amplifier  works  unstably  and  is  inclined  to  the  self-excitation. 

For  eliminating  these  deficiencies/lacks  between  the  cathode  of 
each  tube  of  amplifier  stage  and  the  delay  line  it  is  possible  to 
include/connect  diode  (Fig.  73),  high  resistor/resistance  or 
separating  cascade/stage.  Diode  must  be  switched  on  so  that  its 
resistor/resistance  would  be  small  for  the  passage  of  the  current  of 
video  pulse,  taken  from  the  cathode  of  this  tube,  and  large  for  the 
current  of  video  pulse,  which  penetrates  from  other  cascades/stages. 
If  for  the  decoupling  of  cascades/stages  vacuum  or  semiconductor 
diodes  are  used,  then  as  a  result  of  the  low  values  of 
resistors/resistances  p  and  resistors/resistances  of  diodes 
resistors/resistances  R „  and  cathode  circuit  of  tubes  are  strongly 
shunted;  therefore  the  magnitude  of  the  detected  video  voltage  and 
effect  of  control  in  the  cascades/stages  descends. 
Resistors/resistances  will  not  be  shunted,  if  instead  of  the 
diodes  as  the  elements/cells  of  decoupling  to  use 
resistors/resistances  high  in  the  value.  In  this  case  the 
voltage/stress  of  the  video  pulse,  which  enters  the  delay  line, 
strongly  decreases,  i.e.,  the  transmission  factor  of  cascade/stage  on 
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the  video  voltage  considerably  decreases.  Of  these  deficiencies/lacks 
is  deprived  the  diagram,  in  which  as  the  elements/cells  of  decoupling 
are  used  corrective  UK,  with  the  help  of  which  it  is  possible  not 
only  to  completely  untie  the  cathode  circuits  of  cascades/stages  in 
the  high  frequency,  but  also  to  correct  the  amplitude  characteristic 
of  an  n-cascade  amplifier. 

The  schematic  diagram  of  the  eight-stage  logarithmic  amplifier 
with  the  cathode  detection  and  the  corrective  (untying) 
cascades/stages  (Llt-Ll4)  is  given  in  Fig.  74. 
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Fig.  73.  The  simplified  circuit  of  logarithmic  amplifier  with  cathode 
detection. 

Pages  238-239. 

Amplifier  has  the  following  parameters:  K,»10*;  f»=25  MHz;  P=1  MHz 
without  the  filter  with  the  concentrated  selection  (FSS)  and  P=0.5 
MHz  with  FSS;  Djiax  ss  100  dB;  U„.  „  =  5  •  10~k  V-  o^.0,22  v/dB  when  =  1;  5a«10-15%; 
5U«2-3%. 

With  the  cathode  circuits  of  amplifier  stages  are  connected  the 
chains/networks  of  ARU  (R4,  R,,  Rx,,  ...,  C,,,  C13,  C3 «  ...),  from 
which  positive  video  pulse  is  removed/taken. 

So  that  the  grid  currents  of  the  tubes  of  amplifier  stages  would 
not  affect  the  effect  of  adjustment  and  the  form  AKh  of 
casqade/stage,  the  compensating  voltage/stress  in  the  circuit  of  the 
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grids  of  tubes  is  supplied  from  the  source  with  the  low  internal 
resistor/resistance  (L,). 

Amplifier  has  two  outputs:  linear  with  the  limitation  from  the 
output  of  detector  (left  half  L,)  and  logarithmic  from  the  delay 
line.  Voltages/stresses  from  two  outputs  are  summarized  with  the 
summator  (Ll7),  which  has  two  outputs:  total  and  logarithmic 

Unut.  JI3- 


For  obtaining- LAKh  of  high  accuracy  the  transmission  factors  of 
the  corrective  cascades/stages  can  be  changed,  changing  the  values  of 
negative  feedback  on  alternating  current  of  cathode.  This  is  achieved 
by  a  change  in  the  resistors/resistances  of  feedback  (not  blocked 
parts  of  potentiometers  R,,,  Rsl,  R,,  and  so  forth).  With  the 
displacement/movement  of  the  wipers  the  depth  of  OOS  on  alternating 
current  is  changed,  mode/conditions  on  the  direct  current  remains 
constant. 

So  that  the  untying  cascades/stages  would  work  stably,  with  the 
cathodes  of  tubes  the  resistors/resistances  of  feedback  (R««,  Rso, 
...)  were  connected.  As  the  summator  the  delay  line,  connected  with 
the  anode  circuits  of  the  corrective  cascades/stages,  is  used. 


Fig.  74.  The  schematic  diagram  of  logarithmic  amplifier  with  the 
cathode  detection  and  the  corrective  cascades/stages:  Li-L, ;  Lla-Llt 
*  6ZhlP  t  R  4 ,  R , ,  R  i  4  f  . . .  f  R  j  ^  "  3.6  lei  lohm  *  R  4  3  f  R  j  3  7  Rj  j  ^  •  •  •  7  R  7  3 
1.1  1c  1  loohm  *  R  4  4  f  R ,  „  ,  R ,  4 ,  .  . .  f  R74  3  lei  lohm  *  R  j  r  R  3  0  7  .  •  •  7  R  3  $ 

100  ohms  f  R  4  7  R  j  ^  f  R 1 4  r  . . . f  R34  2.7  kil ohm  f  R  7  7  R i j /  •  •  •  7  R  3  7 

100  Ohm  f  C  3  3  /  C  2  3  f  C  3  or  . . .  f  C 1 4  ■*  150  pF  j  C  3  3  7  C  3  $  7  C  ^  ( ,  C]  1  ^  ...7 
C,,  -  3300  pF.  ' 

Key:  (1) .  V. 
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The  advantages  of  the  diagram:  in  the  diagram  it  is  possible  to 
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obtain  high  accuracy  of  LAKh  in  ShDD;  diagram  has  the  high  stability 
of  the  parameters  (form  of  LAKh  and  amplification  factor),  caused  by 
deep  OOS  on  the  direct  current  in  amplifier  stages  and  by  OOS  on 
alternating  and  direct  current  in  the  corrective  cascades/stages,  and 
also  a  good  recurrence  of  the  parameters  from  one  copy  to  the  next, 
in  consequence  of  which  it  is  possible  to  perform  multichannel 
receivers. 

The  amplitude  characteristics  of  amplifier  at  the  output  of 
detector  (broken  line)  and  delay  line  with  different  feeding 
voltages/stresses  on  the  screen  grid  are  given  in  Fig.  75.  From  the 
figure  one  can  see  that  the  mode/conditions  of  limitation  at  the 
outpuc  of  detector  and  form  of  LAKh  barely  are  broken  with  a  change 
in  the  feeding  voltages/stresses  within  considerable  limits.  The 
analogous  stability  of  characteristics  is  observed  with  a  change  in 
the  voltage/stress  in  the  filament  circuit  of  tubes. 

For  the  realization  of  the  broadband  logarithmic  amplifier  with 
the  cathode  detection,  intended  for  amplifying  the  narrow  pulses 
<<0,1  uSf  necessary  as  the  load  of  amplifier  stages  to  use 

two-circuit  band-pass  filters;  resonance  frequency  to  choose  order 
60-80  MHz;  instead  of  the  delay  line  to  use  the  broadband 
cascades/stag_es  of  the  amplification  of  video  pulses,  which  have 
linear  amplitude  characteristic  in  the  ShDD. 
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Fig.  75.  Amplitude  characteristics  of  amplifier  (Fig.  74)  with 
different  voltages/stresses  on  the  screen  grids  of  the  tubes:  — —  on 
the  video  voltage;  -  -  -  -  on  the  radio  voltage;  V;  *»-*“  V; 

V;  *0.0. ■- 3  kilohm. 

Key:  (1).  V.  (2).  dB. 
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As  a  rule,  in  these  cascades/stages  must  be  realized  high-frequency 
correction  and  deep  negative  feedback. 

FAKh 

The  circuit  solutions  of  amplifiers  with  IVB  by  the  method  of 
addition  can  be  realized  much.  The  FU  on  the  transistors  it  is 
possible  to  perform  by  analogy  with  vacuum-tube  amplifiers.  With  some 
diagrams  (with  the  grid,,  anodic  and  collector  detection  the 
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use/application  of  cascode  diagrams)  the  reader  can  be  introduced  in 
works  [7,  83.  In  particular,  work  [8]  gives  the  schematic  diagrams  of 
logarithmic  transistorized  amplifiers  with  the  parameters: 

seven-cascade  transistorized  amplifier  P417  with  the  emitter 
detection  without  the  untying  cascades/stages:  K,=3.5*104;  P=3.4  MHz; 
D-80  dB;  tfM.a-2.lO-*  V;  <y-14  mV/dB;  5o=20%;  f,=30  MHz; 

five-stage  amplifier  with  the  untying  cascades/stages: 
K.»3.1‘10J;  P=4.1  MHz;  f,*30  MHz;  D*70  dB;  j*70  mV/dB  when  k,  - 1; 
5U-(2-3)%;  5<r-15%. 

S  4.  Functional  amplifiers  on  the  parallel  pairs. 

The  advantage  of  parallel  pairs  of  FU  is  the  fact  that  with 
their  aid  it  is  possible  to  design  amplifier  with  FAKh  when 
b  —  var(|)  in  the  ShDD  on  the  amplifier  instruments,  which  have  a 
small  dynamic  range,  in  particular,  on  the  transistors.  Furthermore, 
there  can  be  created  FU  intended  for  amplifying  of  both  the  video 
pulses  and  the  radio  pulses. 

With  the  help  of  the  parallel  pairs  the  logarithmic  amplifiers 
with  the  radio-output  can  be  successfully  created.  The  principle  of 
parallel  pairs  can  be  used  for  the  construction  of  FU  on  transistors 
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and  on  vacuum  tubes. 

APERIODIC  LOGARITHMIC  AMPLIFIERS  OF  VIDEO  PULSES. 

Parallel  pair  must  consist  of  amplifier  stage,  which  works  of 
the  mode/conditions  of  a  linear-nonlinear  amplification  and 
limitation,  and  repeater,  which  works  in  the  linear  conditions. 
Expressions  for  the  amplitude  characteristics  of  UK  and  the  repeater 
are  given  in  Table  4. 

Page  242. 

It  is  most  easy  to  obtain  the  required  characteristic  of 
cascade/stage  in  the  transistorized  amplifier. 

The  mode/conditions  of  limitation  in  the  transistor 
cascade/stage  can  occur  due  to  the  saturation  of  transistor  or  due  to 
the  cutoff.  In  both  cases  the  value  of  the  input  and  output  voltages, 
with  which  the  limitation  begins,  depends  on  the  selected  operating 
point  and  the  value  of  load. 

Let  us  consider  saturation  modes  and  cutoffs,  which  attack 
respectively  during  the  amplification  of  negative  and  positive  pulses 
in  the  transistor  of  type  p-n-p. 
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Deficiencies/lacks  in  the  transistor  in  the  saturation  mode: 

1)  the  low  input  resistance,  which  even  more  is  reduced  with  an 
increase  in  the  signal; 

2)  the  considerable  expansion  of  the  output  pulse,  whose  value 
depends  on  the  level  of  input  pulse.  This  is  explained  by  the  fact 
that  the  process  of  saturation  is  accompanied  by  the  delay  of  output 
signal  relative  to  input,  which  is  connected  with  the  resorption  of 
the  surplus  concentration  of  minority  carriers  in  the  base  layer  of 
the  saturated  transistor: 

3)  considerable  recovery  time  of  the  maximum  sensitivity  of 
amplifier  after  the  termination  of  the  effect  of  strong  signal; 

4)  a  small  dynamic  range  of  AKh  on  the  input  voltage.  For. 

example,  if  we  take  operating  point  for  the  high-frequency  transistor 
when  —  0,22  v,  then  for  the  load  resistance/resistors,  used  in 

the  video  amplifiers,  saturation  sets  in  on  input  level  on  the  order 
of  70-100  mV. 

If  one  considers  that  linear  conditions  of  amplifier  is  finished 
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with  ■  *  lO-t-15  mV,  then  for  observing  the  equality  which 

must  be  performed  with  the  successive  work  of  cascades/stages,  the 
coefficient  of  amplifier  AT*.y  must  be  order  6-7,  which  is  clearly 
insufficient. 

Advantages  of  cutoff  conditions  in  comparison  with  the 
saturation  mode: 

1.  Good  coincidence  of  real  AKh  with  that  required,  described  by 
the  expressions,  given  in 'Table  4. 

2.  Short  recovery  time  of  maximum  sensitivity  of  amplifier  after 
break-down  of  strong  signal. 

An  increase  in  the  input  resistance  of  cascade/stage  with  an 
increase  in  the  signal  is  a  deficiency/lack  in  the  cutoff  conditions.. 

As  we  see,  cutoff  conditions,  which  should  be  applied  in  the 
logarithmic  amplifiers,  is  best. 

Page  243. 

The  level  of  limitation  (cutoff)  can  be  varied,  changing  the 
position  of  operating  point  and  the  value  of  the  load 
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res istance/res istor . 

It  is  necessary  to  note  that  the  real  amplitude  characteristic 
of  the  UK  can  coincide  in  form  with  the  required  characteristic  only 
with  certain  approximation/approach.  Ideal  coincidence  of 
characteristics  cannot  be  obtained. 

The  schematic  diagram  of  transistor  logarithmic  video  amplifier  on 
the  parallel  pairs  is  given  in  Fig.  76.  Amplifier  stages  are  made  on 
transistors  Tw  ...,  T,f  repeaters  -  on  transistors  T2,  ...,  T1#.  For 
obtaining  the  considerable  dynamic  range  of  linear  characteristic  and 
required  transmission  factors  the  repeaters  on  the  collector  circuit 
are  fed  from  the  source  -30  V  and  are  made  with 
variable/alternating/variable  current  feedback  of  signal  in  the 
emitter  circuit  (potentiometers  R7,  . ..,  RJt,  depicted  in  Fig.  76). 

For  obtaining  the  precise- LAKh  n-cascade  amplifier  it  is 

necessary  to  ensure  the  strictly'  successive  work  of  identical 
nonlinear  cascades/stages. 
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Fig.  76.  The  schematic  diagram  of  logarithmic  video  amplifier  on  the 

parallel  pairs:  Tw  Ta,  T1#  -  P402?  R,,  Raa  -30  kiloohm;  Ra,  R,,  RJ4 

R, ,  -  6.8  kiloohm;  Ra,  Ra$  -  3.6  kiloohm;  R4/  Ra<  -  1.8  kiloohm;  Rs, 

R,,  -  24  kiloohm;  R7,  R,,  -  3.3  kiloohm;  Ra,  R4#  -  5.1  kiloohm;  R10, 

R  4  j  —  C  j ,  C,,  C  7 ,  C1#,  Cj ] f  C] 1 1  C| i  —  20  mF. 

« 

Key:  (1).  V. 
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With  the  direct  connection  of  nonlinear  cascades/stages  to  satisfy 
the  condition  for  successive  work  is  virtually  impossible,  since 
amplifier  stage,  assembled  on  the  diagram  with  OE,  turns  over  the 
phase  of  the  reinforced  signal  by  180°.  ' 
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If  in  the  amplifier  transistors  of  the  type  p-n-p  are  used  only, 
then  for  the  realization  in  each  cascade/stage  of  cutoff  conditions 
it  is  necessary  that  the  input  of  each  cascade/stage  the  pulse  of 
signal  only  of  positive  polarity  would  enter.  For  this  it  is 
necessary  in  the  multistage  amplifier  between  the  nonlinear 
cascades/stages  to  switch  on  the  phase-inverting  cascade/stage  with 
the  transmission  factor,  equal  to  one.  This  phase- inverting 
cascade/stage  in  the  diagram  (Fig.  76)  is  assembled  on  transistor  T,. 
The  phase- inverting  cascade/stage  must  have  linear  characteristic  in 
the  ShDD  at  the  input  signal  with  the  transmission  factor,  close  to 
one.  For  fulfilling  these  requirements,  in  the  cascade/stage  the 
adjustable  deep  negative  feedback  is  used,  and  the  circuit  of 
collector/receptacle  is  fed  from  the  source  with  an  increased 
voltage/stress  of  30  V. 

The  input  resistance  of  UK  with  the  increase  of  signal 
increases;  therefore  for  guaranteeing  the  strictly  successive  work  of 
the  cascades/stages  between  the  nonlinear  cascades/stages,  besides 
the  phase- invert ing  cascade/stage,  it  is  necessary  to  switch  on  the 
emitter  follower  with  the  large  and  the  constant  resistance.  The 
product  of  the  transmission  factors  of  the  phase-inverting 
cascade/stage  and  the  emitter  follower  must  be  equal  to  one. 

Three-stage  amplifier  has  following  data: 
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K,  -  8  10*;  Djiax «  75  J2;  0K.  ,  =s  3  •  10~»  «?  80 as (3 -  4)  %. 

Key:  (1).  dB.  (2).  V. 

During  the  use  in  the  amplifier  of  transistors  of  the  type  the 
p-n-p  and  n-p-n  phase- inverting  cascades/stages  they  are  not 
necessary.  The  schematic  diagram  of  the  two-stage  amplifier,  in  which 
transistors  of  both  types  are  used,  is  depicted  in  Fig.  77.  In  the 
diagram  between  the  nonlinear  cascades/stages  the  emitter  follower  is 
connected.  The  first  cascade/stage  is  assembled  on  transistors  Tx  and 
T,  type  P402,  the  emitter  follower  and  the  second  cascade/stage  are 
assembled  on  transistors  T,,  T,  and  Ts  type  P503A. 

For  expanding  the  dynamic  range  of  the  linear  section  of  the 
characteristics  of  repeaters,  which  form  part  of  nonlinear 
cascades/stages,  the  latter  are  fed  from  two  series-connected  power 
supplies  on  15  V. 

As  a  result  of  the  conducted  experimental  investigations  it  is 
established  that  the  LAKh  of  the  amplifier  of  that  assembled  on  the 
diagram  (Fig.  76)  on  the  germanium  transistors,  is  sufficiently 
stable  to  temperature  of  40°C. 


Page  245. 
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If  amplifier  is  assembled  on  the  silicon  transistors,  the  logarithmic 
law  of  amplification  is  retained  to  temperature  of  60-65°C.  The 
accuracy  of  the  LAKh  is  higher,  the  greater  the  number  of  nonlinear 
cascades/stages  in  the  amplifier. 

In  the  amplifier  it  is  possible  to  obtain  a  small  parasitic 
reverse/ inverse  overshoot,  after  including/connecting  the 
phase- invert ing  cascades/stages  and  cutofi  conditions  on  the 
parasitic  overshoot,  what  is  the  advantage  of  the  amplifier  examined 
in  comparison  with  others. 


LOGARITHMIC  AMPLIFIER  WITH  THE  RADIO-OUTPUT. 


The  logarithmic  amplifier  on  the  pairs,  intended  for  amplifying 
the  harmonic  oscillations,  to  create  considerably  more  difficult  than 
video  amplifier.  This  is  caused  by  the  fact  that  the  phase  shifts  in 
amplifier  stages  and  repeaters  must  be  equal  and  since  voltage  on  the 
input  UK  repeater  is  one  and  the  same,  at  the  end  of  the  dynamic 
range  of  LAKh  this  voltage/stress  can  exceed  that  permitted  for  the 
transistor  of  amplifier  stage. 
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Fig.  77.  Schematic  diagram  of  the  logarithmic  video  amplifier, 
assembled  on  the  transistors  of  two  types  p-n-p  and  n-p-n. 

Key:  (1).  in. 

Page  246. 

So  that  the  transistor  would  not  malfunction,  it  must  be  protected  by 
the  limiter.  Limitation  level  it  is  necessary  to  choose  somewhat 
higher  than  the  level,  on  which  in  the  UK  the  limitation  begins. 

Nonlinear  amplifier  stages  must  have  amplitude  characteristics 
the  same  as  in  the  video  amplifiers.  Furthermore,  to  them  are 
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presented  the  further  requirements:  a  small  phase  shift;  the  low 
level  of  limitation. 

The  first  requirement  does  not  need  special  explanation,  the 
second  -  follows  from  the  limitedness  of  the  dynamic  range  of 
repeater.  Therefore,  the  lower  the  level  of  limitation  the  less 

the  stringent  requirements  are  imposed  on  repeater. 

The  protection  of  cascades/stages  from  the  large 
voltages/stresses  can  be  made  in  the  form  of  limiters  of  any  type, 
which  allow/assume  at  their  input  of  the  voltage/stress  of  the  order 
of  several  volts  (for  example,  consecutive  type  diode  attenuators) . 'A 
deficiency/lack  in  the  diode  limiters  is  the  dependence  of  their 
input  resistance  on  signal  level  and,  therefore,  considerable  effect 
on  the  previous  cascades/stages. 

The  limiter  circuit,  made  in  the  form  of  the  emitter  follower 
(T4  in  Fig.  78),  is  more  acceptable,  the  transmission  factor  of  which 
with  the  large  signals  sharply  is  reduced,  and  transistor  itself 
works  with  the  voltages/stresses  permissible  for  it. 

As  the  repeater  it  is  possible  to  use  cascades/stages  with  the 
divider  at  the  input  (Fig.  38a)  or  amplifiers  with  a  deep  negative 

feedback  (Fig.  38c).  However,  from  the  point  of  view  of  obtaining 
large  dynamic  range  at  frequencies  /•>/»  the  first  diagram  much  better 
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Fig.  78.  The  schematic  diagram  of  the  pair  of  the  logarithmic 
amplifier  of  the  harmonic  oscillations:  Tt,  T2,  T,  -  P418Zh,  T4  - 
GT313B;  Rlf  Rt  -  1.3  kilohm;  R,,  R t ,  -  680  ohms;  R,  -  2.4  kilohm;  R4 
R,  -  2.7  kilohm;  R,  -  62  ohms;  R10  -  82;  R,  -  820;  R,  -  82;  Clf  C,, 
C,,  C4,  C,,  C,,  C10  -It  pF;  C,  -  10  t  pF;  C7  -  440  pF;  C4>11  -  100 
pF. 


Key:  (1).  V. 
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This  is  explained  by  the  fact,  in  the  first  place,  that  at  the  high 
frequencies  due  to  R •  the  complex  connection/communication  is 
created.  It  is  possible  to  show  that -with  the  identical  transmission 
factors  —  1  the  input  resistance  of  diagram  in  Fig.  38a  is  more 
than  in  the  diagram  in  Fig.  38c.. 
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Furthermore,  with  the  sinusoidal  input  voltage  in  the  diagram  on 
Fig.  38c  voltage/stress  U± a  is  also  sinusoidal,  and  in  the  diagram 
in  Fig.  38a  when  harmonic  current  /«.  Since  dependence 

/  —  /(/«)  is  virtually  linear,  and  /=»/(#•.«  -  is  exponential,  diagram 
in  Fig.  38c  is  linear  to  the  large  input  voltage. 

The  considerable  phase  shift  at  the  high  frequencies,  which 
appears  due  to  resistor/resistance  R «•  is  a  deficiency/lack  in  the 
diagram  (Fig.  38a).  This  deficiency/lack  can  be  reduced  by  the  start 
of  capacitor/condenser  in  parallel  to  resistor/resistance.  In  this 
case  from  chain/network  ii<A  and  RmxCut  it  is  possible  to  form  the 
frequency- independent  divider. 


The  equivalent  diagram  of  input  circuit  of  transistor  and 
chain/network  is  represented  in  Fig.  79. 


The  transmission  factor  of  the  repeater 


where  I  Kmn  I 


I  uimt.  a—  I 


-  transmission  factor  of  divider; 


I* wl  K 


■m 

lu, 


-  transmission  factor  of  cascade/stage, 
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The  transmission  factor  of  repeater  is  equal  to  one  with 
satisfaction  of  the  condition 

kgtui  »  -y-.  (4-18) 

For  the  transmission  factor  ftgM  of  diagram  in  Fig.  79  it  is 
possible  to  register 

*«“  "  77+T7  "  ’  <4‘I9> 

4-  /toCfl  *■  gi  +  jb u  +  i^Cfu.  ■»  gt  +  ib%i 


where 
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Fig.  79.  Equivalent  schematic  of  the  frequency- independent  voltage 
divider. 


For  determining  the  maximum  value  we  differentiate 
expression  (4-20)  on  and  let  us  make  result  equal  to  zero.  After 
conversions  we  obtain 

(£iCo—glCl)(v*Cl  +  g$gtCi>  -  0. 

Since 

W  +  fDf.c.^0. 


that 
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where 

Cj  Cj  4*  Cj«. 


Into  expression  (4-21)  the  frequency  does  not  enter.  This  means 
that  *«•«  (for  the  linear  circuit)  is  maximum  at  all  frequencies, 
i.e.,  the  divider  is  frequency- independent .  Substituting  expression 
(4-21)  in  (4-20),  we  obtain 


lift  4* 

l!  +  *J 


(4-23) 


Solving  together  equations  (4-21),  (4-22)  and  (4-23),  we  obtain 
RtmaRuxl^JSS..  (4-24) 

C.-C«  -4*=-.  (4-25) 

1  BM 


where  **•«.  is  determined  from  expression  (4-18). 


In  usual  amplifier  stage  on  the  transistor  it  is  difficult  to 
obtain  the  linear  section  of  amplitude  characteristic  higher  than  1  V 
(taking  into  account  that  the  input  resistance  of  the  following 
cascade/stage  is  its  load).  Thus,  at  the  frequency  of  30  MHz  for  the 
transistor  of  the  type  P418Zh  with  /*  —  10  raA  and  — 10  into  linear 
section  UM a  — 0,8  in,  which  is  completely  insufficient. 
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For  expanding  the  linear  section  it  is  possible  to  use  the 
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series  connection  of  transistors  (Fig.  41b)  with  the  simultaneous 
voltage  doubling  of  feed.  However,  in  this  case  with  the  large 
amplitudes  limitation  on  the  current  begins.  Most  acceptable  is  the 
push-pull  circuit,  assembled  on  transistors  T,  of  the  type  P418Zh 
(n-p-n-  conductivity)  and  T4  type  GT313B  (p-n-p-  conductivity). 

The  schematic  diagram  of  the  parallel  pair,  assembled  on  the 
transistors  of  types  P418Zh  and  GT313B,  is  depicted  in  Fig.  78. 
Amplifier  stage  is  assembled  on  transistor  T,  of  the  type  P418Zh. 
Selectivity  in  amplifier  stage  is  realized  by  the  frequency-dependent 
feedback  on  the  emitter  circuit. 

The  amplifier,  which  consists  of  the  pairs,  whose  diagram  is 
given  in  Fig.  78,  and  one  amplifier  stage  on  transistor  P418Zh, 
connected  at  the  input  of  amplifier,  has  the  following  parameters: 

K,  *1,8*10  4 ;  P-10  MHz;  f,»30  MHz;  On^  .aOdh:  ff-.Z-sslO-*  V-f  a-22  mV/dB; 
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Chapter  5. 


TRANSIENT  PROCESSES  IN  FUNCTIONAL  AMPLIFIERS  WITH  THE  NONLINEAR 
ELEMENTS. 


S  1.  Methods  of  the  study  of  transient  processes  in  the  functional 
amplifiers. 

Any  functional  amplifier  (with  exception  of  linear)  is 
nonlinear,  even  if  it  consists  of  linear  cascades/stages.  Because  of 
this  the  transient  processes,  which  take  place  in  FU,  have  a  number 
of  special  features/peculiarities.  Such  special 

features/peculiarities  include  a  change  in  the  form  of  front  (in  the 
region  short  times)  and  flat/plane  part  (in  the  region  long  times)  of 
transient  response  with  the  increase  of  input  signal  level.  The 
considerable  distortions  of  the  form  of  pulse  signal  with  a  change  in 
its  level  are  the  corollary  of  this. 
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During  the  amplification  of  video  pulses  at  the  output  of 
amplifier  with  b-var  (|j  are  formed  the  considerable  parasitic 
reverse/ inverse  overshoots,  which  impede  the  practical  use  of 
functional  video  amplifiers  with  the  dynamic  range  of  more  than  60 
dB. 


Furthermore,  increases  decay  in  the  flat/plane  apex/vertex  of 
video  pulse  at  the  end  at  the  end  of  the  range  of  FAKh  with  b»var 
in  consequence  of  which  real  FAKh  additionally  differs  from 
precise. 

With  a  change  in  the  form  of  pulse  edge  and,  consequently,  also 
the  time  lag  of  impulse/momentum/pulse  at  the  output  of  amplifier 
with  an  increase  in  the  signal  appears  further  of  error  in  the 
information,  placed  in  the  leading  impulse  front  of  a  small  level. 

For  a  study  of  transient  processes  in  functional  amplifier  stage 
it  is  most  expedient  to  use  the  method,  which  depends  on  the  internal 
essence  of  the  diagram  of  cascade/stage  and  form  of  the  influencing 
effect  (signal).  In  turn,  the  internal  essence  of  diagram  is 
determined  by  type  of  UP  (linear  or  nonlinear,  inertia-free  or 
inertial)  and  by  type  of  load,  which  is,  as  a  rule,  is  inertial  and 
can  be  linear  or  nonlinear. 


DOC  «  83138014 


PAGE 


Page  251. 

Possible  combinations  ofUP  and  loads  are  shown  in  Fig.  80.  Depending 
on  diagram,  one  or  another  the  method  of  study  is  applied.  Let  us 
consider  the  possible  methods  of  the  study  of  transient  processes  and 
the  aperiodic  nonlinear  cascades/stages,  on  which  the  jump  of 
direct/constant  voltage  or  current  acts. 

SOLUTION  OF  PROBLEMS  WITH  THE  HELP  OF  NONLINEAR  DIFFERENTIAL 
EQUATIONS. 

The  possibility  of  the  solution  of  problem  in  general  is  the 
advantage  of  the  method  of  differential  equations.  If  nonlinear 
differential  equation  is  obtained  with  the  divided  variables,  then 
problem  is  solved  easily  and  rapidly.  In  the  majority  of  the  cases  of 
compound  circuits  the  nonlinear  differential  equations  are-  fairly 
complicated,  to  solve  which  difficult,  since  the  regular  methods  of 
solving  the  nonlinear  differential  equations  in  mathematics  are  not 
worked  out. 
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Fig.  80.  The  possible-versions  of  the  combination  of  amplifier 


instrument  and  load: 


Sw)  -  linear  and  nonlinear  inertia-free  UP; 


©JP-  linear  and  nonlinear  inertial  UP;  -  linear  and 

nonlinear  inertial  load;  H  - element/cell ,  which  considers 
inertness  of  UP. 
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For  the  compound  circuits  nonlinear  equations  in  the  majority  of  the 
cases  are  not  reduced  to  the  equations  with  the  divided  variables  and 
in  a  precise  form  are  not  integrated,  in  connection  with  which  it  is 
necessary  to  apply  the  approximation  methods  of  integration. 


Transient  processes  are  described  by  equations  of  the  Bernoulli 
type  in  the  extremely  limited  number  of  diagrams,  and  the  equation  of 
types  Riccatis  and  Abel  are  expressed  as  quadratures  in  a  few  special 


cases. 
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However,  research  of  the  transient  processes  in  the  region  of 
short  and  long  times  for  the  diagrams  (Fig.  80)  frequently  is  reduced 
to  the  research  of  transient  processes  in  the  simplest  equivalent 
nonlinear  diagrams,  given  in  Fig.  81.  Under  the  influence  at  the  the 
input  of  the  cascade/stage  of  the  jump  of  direct/constant  voltage  or 
current,  the  nonlinear  differential  equation,  which  describes 
transient  processes  in  the  diagrams  (Fig.  81),  it  is  possible  to 
register  in  the  following  form: 

w  (i)*  +  /1*«>J  (5-1) 

or 

where  X  -  unknown  value  (voltages/stresses  or  currents);  W(d/dt)  - 
the  temporary/ time  immittance,  expression  for  which  is  defined  by  the 
classification  of  the  linear  elements  of  network 
(resistors/resistances,  capacities/capacitances,  inductance);  Nm— 
amplitude  of  current  or  voltage  of  the  equivalent  generator,  which  . 
substitutes  UP;  <p(t)  -  function,  which  characterizes  inertness  UP. 

For  inertia-free  linear  and  nonlinear  UP  function  <p(t)*l. 

The  integration  of  equation  (5-1)  in  a  precise  form  depends  on 
the  character  of  the  right  side  of  this  equation  n(t).  When  <p(t)*l 
the  variables  in  equation  (5-1)  are  divided: 
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— /l*(0l  * 

Integrating  in  the  limits  from  0  to  t,  we  obtain 

t  =*  if  f  —  (5-  2 ) 

J  iVm -/(*)’ 

*. 

where  x,  -  value  of  the  unknown  quantity  with  t*0 ,  determined  from 
the  initial  conditions. 
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Fig.  81.  Equivalent  schematics  of  the  simplest  nonlinear  systems  with 
the  equivalent  current  generators  (a)  and  voltage/stress  (b) . 

Page  253. 

If  function  n(t)  depends  on  time,  variables  in  equation  (5-1)  in 
the  general  case  are  not  divided  and  can  be  solved  only 
approximately.  It  is  most  expedient  it  to  seek  by  the  following 
methods : 

to  replace  the  real  function  n(t)  with  linear  segments  bit  in 
the  individual  sections  of  time  from-  U-t  to  ti  and  to  use  the  method 
of  fitting; 

to  use  expansion  in  the  series/row. 


Method,  based  on  the  use/application  of  Laplace  transform. 
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The  basis  of  method  is  the  straight  line 

m 

F(p)~  =  (5-3) 

and  reverse/ inverse 

j  e*  F(p)  dp  (5-4) 

of  the  Laplace  transform.  The  use/application  of  direct 
transformation  of  Laplace  (5-3)  leads  to  the  algebraization  of 
differential  equations  and  thereby  facilitates  the  solution  of  some 
problems. 


Applying  to  equation  (5-1)  the  Laplace  transform,  we  obtain 

W(p)X(p)  +  F(p)-N{p). 

Whence 

WJp)  WTi)’ 

where 

X(p)-Ia{t);  W[p)-iw\£ji  f(*)-£/[s(tU; 

N{p)  —  Ln(t). 


After  introducing  the  designation 

expression  (5-5)  can  be  registered 

X(p)-N  MfW  F(p)B(p) 


(5-6) 

(5-7) 
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Inverse  transformation 

h(t)  <=  L~lH  (p).  <58) 

is  the  original  of  image  (5-6). 

The  unknown  value  x(t)  is  inverse  transformation  of  Laplace 
expression  (5-7) 

_/|V  j-i  N(p)H  (p)  _  F (p) H  (p) 

'  ’  p  p 

Using  a  theorem  of  superposition  from  the  theory  of  the  LapL 
transform,  we  obtain  expression  for  the  original  of  function  x(t) 
under  the  zero  initial  conditions  [x(O)»0  with  t=0]. 

t  t 

*  (0  —  j  k  (*  —  “«)  n  (i)  dx  —  j  h  {t  —  -s)  /  [x  (*))  d*.  (5-9) 

If  nonlinear  element/cell  is  absent  f  [x(r)]  =0,  expression 
(5-9)  takes  the  form 

t 

*t(0~  j  A  (<—<)!»  (*)<fc.  (5-10) 

Then  expression  (5-9)  can  be  registered 


I 

*(0  =**«(0—U  (<  —  *)/ !*(<)! 


(5-11) 
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The  solution  of  integral  (5-11)  accordingly  [95}  are  the 
recursion  formulas 

•  ■  * 

*t(0  -  jk(t  —  x)n(x)dx; 

l 

*i  (0  -  *,  (0  —  J  A  (<  —  *)  /  [z,  (t)jdt; 

t 

*t  (0  -  (0  —  ((z,  (x)i  dr; 

I 

*^,(0 -*•(<)  —  j*(<  -*)/!*»  (*)!*■ 

Page  255. 

On  the  absolute  convergence  of  series/row  (5-12)  it  is  proved  in 
work  [95].  With  the  help  of  integral  (5-12)  it  is  possible  to  solve 
series  of  problems  in  the  transient  processes  in  the  nonlinear 
systems.  A  deficiency/lack  in  the  method  examined  is  the  need  of 
solving  the  large  number  of  integrals.  Problem  is  facilitated,  if  we 
use  tables  with  the  operational  images.  For  this  series/row  (5-12) 
must  be  represented  in  the  form  of  the  series/row  of  operational 
images . 

Using  inverse  transformation  of  Laplace  for  expression  (5-5),  we 


obtain 
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where 


(5-13) 


_  ia\  r-i  N[p) 

*•(*)- L  lwr?r 


Then  series/row  (5-12)  can  be  registered  in  the  following  form: 


wo  -*»(<)-^4{^P  • 


(5-14) 


The  quantity  of  terms  in  series/rows  (5-12)  and  (5-14),  which 
must  be  taken  during  the  calculation,  is  determined  by  the  degree  of 
the  convergence  of  these  series/rows  and  required  accuracy  of 
calculation.  In  the  theory  of  iteration  method  it  is  proven  [3],  that 
the  process  of  calculations  according  to  the  algebraic  equations  of 
form  *« ~/(*i i  *»•••,  *»).  (i»l,  2,  ...,  n)  converges  with  satisfaction  of 
the  conditions 


(5-15) 


The  convergence  the  better,  the  the  left  sides  of  expressions 
(5-15)  in  comparison  with  one  are  less. 


Thus,  in  each  individual  case  the  convergence  of  calculations 
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can  be  easily  established/installed. 

The  presence  in  integrals  (5-3)  and  (5-4)  infinite  limits 
indicates  that  the  exact  solution  of  series/rows  (5-12)  and  (5-14) 
will  be  obtained  with  the  striving  count  terms  to  infinity,  i.e. 

x(t)  =-  linx*H(0.  (5-16) 
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With  the  slow  convergence  of  series  and  the  infinite  limits 
hinders  the  calculation  even  in  the  contemporary  computers,  what  is  a 
deficiency/lack  in  the  method  examined. 

This  deficiency/lack  in  the  operational  method  can  be  excluded, 

after  fitting  the  integral  transform,  similar  according  to  its 

structure  to  (5-3),  but  requiring  integration  within  final  limits.  It 

is  obvious,  there  is  a  series/row  of  conversions,  which  satisfy  the 

conditions  indicated.  In  particular,  by  G.  Ye.  Pukhov  [55]  as  direct 

transformation  it  is  proposed  to  use  known  formula  [60] 

r 

r-'~7(0  dt,  (*  -  0,  1,  2,  ...  ,  co),  (5-17) 

making  it  possible  to  determine  complex  amplitude  f,  of  the  ?th 
order  of  function  f(t),  assigned  in  the. final  segment  (0,  T).  Inverse 
transformation  consists  of  the  simple  operation  of  the  composition  of 
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trigonometric  Fourier  series  in  known  values  F„  i.e. 

■>— T 

f  (0  -  Y  j  J  «-*■*/  (0  <«•  (5*18) 

If  segment  (0,  T)  is  replaced  by  (0.2jt),  then 

(5*19) 

/  (*>  -  £  £  •*•  (M0) 

where. 

d  at  tat  ^  2*  -jr ;  t  =>  =  J* 

Analogous  with  the  Laplace  transform  complex  function  is 
named  the  image  of  function  f(t),  and  function  the  real  variable  f(t) 
-  by  original. 

Page  257. 

For  the  brevity  expression  (5-17)  sometimes  is  written/recorded 
in  the  following  form: 

t  =  KAf{t)\~K,t,  (5-21) 

and  straight/direct  and  inverse  transformations: 

during  the  operational  calculus 

nt)+f[p)i  r{p)+t(t)i  (5-22) 

during  the  complex  calculation/enumeration 
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/(<)^*A;  /,-/(<).  (5.23) 

S  2.  Transient  processes  in  the  aperiodic  functional  amplifiers  with 
the  nonlinear  load. 

Single-stage  amplifier. 

The  equivalent  diagram  of  nonlinear  cascade/stage  is  depicted  in 
Fig.  82a,  in  which  amplifier  instrument  in  the  general  case  is 
substituted  by  inertial  equivalent  current  generator  i  ( t )  For 

inertia-free  UP  we  have  <(<)  —  /». 

Transient  processes  we  will  examine  on  the  assumption  that  at 
the  moment  of  time  t»0  at  the  input  of  nonlinear  cascade/stage 
voltage  surge  acts.  Since  the  transient  processes  in  the  region 

of  short  times  depend  on  the  network  elements,  which  are  determining 
the  frequency  characteristic  of  the  cascade/stage  in  the  region  of 
the  highest  frequencies,  and  the  transient  processes  in  the  region 
of  long  times  -  by  network  elements,  which  are  determining  the 
frequency  characteristic  in  the  region  of  the  lowest  frequencies,  it 
is  expedient  from  the  overall  equivalent  diagram  of  cascade/stage  to 
isolate  equivalent  diagrams  for  the  highest  and  lowest  frequencies 
and  to  consider  separately  transient  processes  in.  each  of  these 
diagrams . 


Fig.  82.  Equivalent  the  diagram  of  the  nonlinear  cascade/stage:  a) 
complete?  b)  for  the  region  of  the  highest  frequencies; 
u. wiam*+t «m<z  +  * u  +  «m»  9  ~  conductivity  of  anodic  or  collector 
resistors/resistances. 

Page  258. 

Transient  processes  in  the  region  of  short  times.  (Distortions  of 
pulse  edge).  ^ 

The  equivalent  diagram  of  the  cascade/stage  for  the  region  of 
the  highest  frequencies  is  depicted  in  Fig.  82b. 

Let  us  consider  transient  processes  in  the  amplifier  with 
inertia-free  UP  (with  a  tube). 

Inertia-free  UP. 

Under  the  influence  at  the  input  of  nonlinear  cascade/stage  at 
the  moment  of  time  t»0  of  voltage  surge  Vn  transient  processes  in 
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the  diagram  are  described  by  the  nonlinear  differential  equation 


^wx  ,  *».  h efl  rr 
___  +  __  Umg 


(5-24) 


For  guaranteeing  the  strictly  successive  work  of  nonlinear 
cascades/stages  in  a  n-cascade  amplifier  amplifier  the  equivalent 
conductivity 

8*  mm  —  go?  (z),  (5-25) 

where  the  function  <p(z)  is  described  by  expressions  given  in  Table  5 

Conductivity  g»  =■  8  +  8m*  +  £■*  +  go  = 

After  substitution  in  equation  (5-24)  of  conductivity 
relative  time  «•  and  standardized/normalized  voltages/stresses  x  and 
z  we  obtain 

+  <p  (z)  z  -  *  (a,),  (5-26) 

where 


Under  the  influence  of  unit  function  the  variables  in  equation 
(5-26)  easily  are  separated/liberated 

»- y w.+c-  iw> 

Further  it  is  necessary  to  compute  integral  (5-27)  with 
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different  functions  <p(z). 

Page  259. 

Linear  conditions  for  all  functional  amplifiers.  In  this  case 
<p(z)«l  (z<l).  Result  of  calculating  integral  (5-27)  taking  into 
account  the  initial  conditions 

a,  *  in  ~t.  (5-28) 

Functional  mode/conditions.  Lowering  cumbersome  mathematical 
calculations,  let  us  give  the  final  results  of  calculating  integral 
(5-27)  taking  into  account  the  condition  of  the  mating  of  linear  and 
nonlinear  sections  of  AKh  for  the  most  widely  used  types  of  FU. 


The  logarithmic  amplifier  with  any  foundation  N 


#u 


(5-29) 


Exponential  amplifier  with  0=(  l/n<l) ,  where  n»2,  3,  4,  .... 


« 


u 


(5-30) 


* 
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The  solution  of  integral  (5-30)  falls  into  two  integrals 
the  n-positive,  the  even; 


—  for  the  n-positive,  the  odd, 


■a-* 


-  i  +  *-—*  +  »  "  -  i 

‘“.I  +  2',-“S“*  + 

__T  *-« 


_ - 

~T  T~ 1 


+  2  T+*  yp^,_ 

-  .i  ~ 

f- 

-2  +>-r£3. 


where 


_  *  R*  -  I -f  «)*  o  *  —  1  +  » _ 2*  .  ,1. 

7“  - 1 - 2 — T — coi  —  v-j-i  ; 

L  *  *  »•  » *  /» 


<7«  -  arctg  • 


h  2k 

—  —  COI  —  « 

*  n 


sin  —  * 
n 


P>i44-24C0S?*  +  Il; 
[#"  *"  J 

-V-cosL*, 

n 

q'  -  arete  2 - - ;  A-i-I  +  k 
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where 


1  ■!> 
n 


i  — 


L 

k' 


n— 3 
2 


+ 2  £  si 


sin  -  * . —  2  ^  pj  cos  ■ — r— -  it  - 


2*4-1 

it 


2*+  1 


n-a 


k-0 


i,  r  *•  * 

•j-  In  I  ■  j  —  4-  2  — j—  cos 

[."'ll*  *■» 


«  i  < 

— -j—  4*  COB  ■ 


arctg 


sin 


2*  + 


P« 


1- 

T 


in  fi-j.  4.  2 


i_ 

i 


2i 

COS- 
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Exponential  amplifier  with  p*m>l,  where  m-2,  3,  4, 


«U-  f - - - T+£ 

J  #(«)  —  (/IM—  «+  1)  " 


(5-33) 


The  solution  of  integral  (5-33)  falls  into  two  integrals; 
the  index  1/m  of  positive,  even 

C  e-t 
1  +  ==  *- 


•here 


•  Q  ^  ■■  i 

4:-lnr=ri+  ln—f“2  E 


pact»2km*  + 


i  ,  .  ,  1  s-L - 

„*■  ,  ol  1r,  ^  x"1  ,  o  ri  p'  cos 2km*  — 

+  2  qhsln  2km *  —  In - j-  +  2  V  ■ 

2a  »-» 


s;- ' 

—  2  j  ?»sin2toi»«|**“l, 


(5-34) 


/>.  -  t  ln  [j®  - 2  h' m 24  "*  + 1  ] ! 

2.  —cat  Urn* 

anssr  ■»  -M. 
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»ix—  for 


for  the  index  1/m  of  positive,  odd 
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1L 


*w  J*  9 

lxi- 7=1 +•*"-*  Ini-^ £  +  2  £  p„cos(2A:  +  1)  m*  + 
L  i~*n  *-0 

J - 3  t  , 

+  2  2?KSin(2*  +  l)'"*-2  V />;cos(2A-M),n,c- 

k■•#  *-o 

--3 
m 

—  2  ?'  sin  (2A  -f-  1)  m*  ,  I 

*-o  J 


P«  -  T ln  [i*B  +  2  J;cos (2A  +  1)  hr]  ; 


a  =arctg— - 


^  +  006(2*+  l)m*  _  ~+cos(2*  +  t)m« 

9jn (2 k+i)mm  ’  *  afCtg  sia(2*  + l)m*  ’ 


P*  *“  Tln  [?»»  +  255C08^2A  +  1)  "**  +  1j- 


Exponential  amplifier.  For  this  amplifier  integral  (5-27)  takes  the 
form: 


*n  "  J  a  (a)  —  1  —  « la  »  + 

Final  solution  of  integral  (5-36) 


(5-36) 


—  Lul  t=ir  »— i  f  »— 1\* 

.  i_  *  i  •  *  i_  ”*  »  ,  «  a  I  «  ,  l  «  J 

‘u  - ln  +  t*  ln  '^ZEEl +  ~  \.T~ir  +  ~-nr 


f  x“V 

v  a  )  I 

1  * 

Ml  T 

a 

a  1 

+  i  c-^H 

+  ...  -i  —t ‘-j . 


—  + 
(5-37) 


L.  .  . 
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Exponential  amplifier.  For  it  the  integral  (5-27)  takes  the 

form: 


+  C, 


(5-38) 


Final  solution  of  integral  (5-38) 

«4i  —  In  [— P  +  +  •••  +^dr“]  +8Plllin(A— p) — 

■  -4n(A-,)*'i!^+...  +  6*5*].  (5-39, 

<• 

where 

p-(*  +  l)ClnAf;  A  —  *On  Af  —  On  Af  +  i  ■*  (2  —  1)  C  In  Af  +  1. 


Quasi-linear  mode/conditions.  Multistage  amplifier  actually  can 
be  performed  with  b*var(}).  Consequently,  transient  processes  with 
the  work  of  nonlinear  cascade/stage  in  the  quasi-linear 
mode/conditions  make  sense  to  examine  only  for  the  logarithmic  and 
exponential  amplifiers  with  0<1.  Taking  into  account  the  mating  of 
the  functional  and  quasi-linear  sections  of  the  characteristic,  we 
obtain  the  final  solutions  of  integral  (5-27). 


Logarithmic  amplifier.  For  it 
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+  E-Ll.  (5-40) 

7+ - ; - t 
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Exponential  amplifier.  For  n  of  the  positive  even 

-L-  r  1  J, 

a  .  i  .  A  —  nK?~l+B  —  1  —  I  1J.JT 

*in 


where 


»  ,  i  1 ,  i=?r. 

hn“ln— 1  +  Ai:ln - m - +  *  ln— — ! - T 

L  t-xf1.-- 


—  1 


»»  I 

—  In 1  *— —  2  2  pkcos^*  +  2  ?,sin“*  + 

i-r-  k“‘ 

»» 


+  2 


1  S  ^■coaT*~2  S  ’  (*■ 

A— 4  i»i  J 


A-* 


P„  *  -J  In [x:  j-“  «  —  2XJ“'*“  T  005^,4-  1  ] ; 

•  A  • 


-L  _  2u 

isti— I  ~  n 


2A 


2k 


Kn .  •  —  cm  —  *  ■  "  —  con  —  * 

^-.rctg - 51 - —  :  ?;-«rctg. 


.  2k 
am  -  * 

A 


l 

■in  —  * 
n 


if*  *  1  * 

4>TtaL*~*-&'Tc0B“*  +  1]i  A-  £ +  (»-t)  x 


x  (Xjp'  - 1). 


For  n  of  positive,  odd 
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•  ,  *  ,  i  ,  A  -  /.xjp1  4  »  —  1  !=?[  \  —  x  "" 

m-injin+nr^n - hr; - *  - 1  m— ! — ^ — z 

L  i  _  A'^,-  * 

n3  n— 4 

+  2  2 /»„  c  “ -  2  V  ?« s‘n  ^  - 


—  2  ^  cos  *  —  2  ^  sin  *  4- 1 


k-a 


*-« 


.  (5-42) 


where 


Pm  “  -y-  In  * -f  2A"”'*  ■  cos  -2--^ . ■  «  +  l  J ; 


arctg 


*  +  «• 


2*4  1 


.  i*4  i 
sm  « 

m 


9h  "  aretg  ■ 


“  3*41 

4  COB  — - —  » 

2*  4  1  : 

»m  — . .  s 


Pu**  •%  in  |*  "  +  2*  *  eos  1  «  4  1 J . 
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Thus,  expressions  for  the  transient  responses  of  amplifiers  with 
LAKh  (5-28),  (5-29),  (5-40)  and  SAKh  with  0>1  and  /3<1  (5-31),  (5-32), 
(5-34),  (5-41),  (5-42)  are  obtained  in  the  final  form,  and  for  the 
amplifier  with  EAKh  and  PAKh  -  in  the  form  of  converging  series 
(5-37)  and  (5-38).  It  is  possible  to  show  that  the  law  of  the 
decrease  of  series/rows  (5-37)  and  (5-3U)  when  a-»»  (*-*«,)  is 
proportional  to  ratio  p/n,  and  at  values  *“T*r~  it  is  proportional 
to  relation  f Hr* I),  where  1—  for  the  EAKh  and  p*(x4i)  $  in  M  - 
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for  PAKh;  value  z,  which  corresponds  to  the  steady-state 

mode/conditions  with  a-»«. 

In  the  real  single-stage  amplifiers  with  EAKh  and  PAKh  it  is 
possible  to  obtain  maximum  value  of  xm  of  not  more  than  10.  But  even 
at  values  x„<10  for  obtaining  precise  calculations  it  is  necessary 
to  take  a  sufficiently  large  number  of  members  of  series/row,  on  the 
order  of  100  and  more. 

Transient  responses  —  -»/(«)  of  nonlinear  cascade/stage  with 

*7 

the  work  in  the  linear,  logarithmic  and  quasi-1 inear 
modes/conditions,  calculated  by  formulas  (5-28),  (5-29)  and  (5-40) 
with  a»l,  are  depicted  in  Fig.  83a. 

In  calculation  of  the  characteristics,  we  take  the  most  probable 
range  of  LAKh  of  cascade/stage  d*10.  Transient  responses  for  the 
quasi-1 inear  mode  of  operation  of  cascade/stage  are  designed  with 
x*10;  33  and  102,  which  corresponds  to  relative  voltages  on  the  input 
of  the  1st,  2nd  and  5th  nonlinear  cascades/stages  at  the  end  of  the 
logarithmic  range  of  five-stage  amplifier. 


Fig.  83.  The  transient  responses  of  the  electron-tube  nonlinear 
cascade/stage  for  the  region  of  the  short  times:  a)  cascade/stage 
with  LAKh;  b)  cascade/stage  with  MAC  ( 0>1 );  -  0*2; - -  0*5. 

Page  266. 

The  transient  responses  of  cascade/stage  from  MAC  with  b*var 
(t),  calculated  by  formulas  (5-28),  (5-3^)  and  (5-35)  for  0*2  and  5 
with  the  work  of  cascade/stage  in  the  linear  and  functional 
modes/conditions  are  shown  in  Fig.  83b.  From  the  figures  it  is 
evident  that  with  the  increase  of  input  time  signal  of  establishment 
h  and  delay  time  <•  of  impulse/momentum/pulse  at  the  output  of 
nonlinear  cascade/stage  with  b*var  (f)  are  sharply  reduced,  and  with 
b»var  (t)—  they  increase. 

By  time  of  establishment  is  understood  the  pulse  rise-time  from 
0.1  to  0.9  of  its  maximal  value. 
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In  the  functional  amplifiers  with  b*var  ( I ).  made  on  the  tubes 
(inertia-free  UP),  with  the  shunting  of  load  by  semiconductor  diodes 
of  the  type  DG-Ts,  D2  and  D9  the  impulses/momenta/pulses  at  the 
output  of  cascade/stage  with  the  voltage  at  the  input  of  more  than 
0.1  V  have  characteristic  peak  at  the  flat/plane  apex/vertex.  The 
value  of  peak  depends  on  the  value  of  input  signal  and  grows  with  an 
increase  in  the  latter.  With  the  work  of  nonlinear  cascade/stage  in 
the  functional  mode/conditions  the  peak  is  not  observed.  It  appears 
approximately/exemplarily  in  the  middle  of  the  quasi-linear  section 
of  the  amplitude  characteristic  of  the  third  nonlinear  cascade/stage 
In  the  three-stage  amplifier  with  the  logarithmic  range  60  dB  the 
peak  appears  in  the  middle  of  range  and  toward  the  end  of  it  can 
achieve  30-40%  of  the  value  of  impulse/momentum/pulse.  The  duration 
of  peak  does  not  exceed  0.3-0. 4  us. 

During  the  amplification  of  impulses/momenta/pulses  with  a 
duration  of  *,>0,5  us  the  peak  does  not  affect  AKh  of  the  amplifier. 
However,  during  the  amplification  of  the  impulses/momenta/pulses  of 
the  short  duration,  when  t«<0,5  us,  the  AKh  of  amplifier  strongly 
differs  from  calculated  logarithmic.  The  appearance  of  a  peak  in  the 
impulse/momentum/pulse  at  the  output  of  nonlinear  cascade/stage 
depends  on  the  inertness  of  semiconductor  diode.  If  as  the  nonlinear 
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element/cell,  which  shunts  anodic  load  of  the  UK,  a  germanium  diode 
of  the  type  DG-S1-DG-S4  or  vacuum-tube  diode  is  used,  peak  in  the 
impulse/momentum/pulse  at  the  output  of  nonlinear  cascade/stage  is 
absent  with  any  input  voltage.  This  means  that  germanium 
semiconductor  diodes  of  the  type  DG-S1,  DG-S2 ,  DG-S3 ,  DG-S4 ,  DG-P3 , 
DG-P4  and  vacuum-tube  diodes  have  smaller  inertness  in  comparison 
with  the  diodes  of  the  type  DG-Tsl  -  DG-TslO. 

Thus ,  for  eliminating  the  peak  it  is  necessary  to  apply  the 
nonlinear  elements/cells,  which  have  the  rapid  response.  Transient 
processes  in  the  quite  nonlinear  element/cell,  caused  on  finite  time 
hole  dislocations  and  electrons  in  the  semiconductor,  must  last  jot 
more  than  hundredths  of  microsecond.  These  requirements  satisfy 
germanium  semiconductor  diodes  of  the  type  DG-S1  -  DG-S4  and  DG-P3  - 
DG-P4 . 
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Inertial  amplifier  instrument. 

Inertial  UP  includes  the  transistors.  In  the  equivalent  diagram 

(Fig.  82a)  transiistor'bn  the^  common-base  circuit 

_ (_ 

MOo  -«,(<)/•-  **Ml  (5-43) 

upon  the  start  of  transistor  for  common-emitter  connection 


DOC  -  83138014 


where  h  and  /,-»  jumps  of  input  current  of  the  cascade/stage, 
assembled  on  diagram  in  conformity  with  the  OE  and  OB. 


Between  the  nonlinear  amplifier  stages  the  emitter  followers 
with  low  output  resistance  usually  are  connected.  In  connection  with 
this  transient  processes  in  the  nonlinear  cascade/stage  on  the 
transistor  can  be  investigated  on  the  assumption  that  at  the  input  of 
cascade/stage  the  voltage  generator,  which  has  internal 
resistor/resistance  R*<^Rw*  is  connected  Without  the  large  error  it 
is  possible  to  consider  that  the  internal  resistor/resistance  of  the 
source  of  signal  is  equal  to  zero,  i.e.,  —  0. 

Then,  passing  from  the  input  current  generator  to  the  input 
voltage  generator  and  the  slope/transconductance  of  the  passage 
characteristic  of  transistor  <?T  [63],  expression  (5-43)  and  (5-44).  it 
is  possible  to  register  in  the  general  view 

/„  (t)  -  S  T Un  (1  -  ),  (5-45) 

where  r  -  time  constant  of  transistor. 

During  the  analysis  of  transient  processes  let  us  assume  that 
the  transistor  is  linearized  with  the  help  of  the  negative  feedback. 
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In  this  case  in  equation  (5-45)  it  is  necessary  to  substitute  the 
value  and  expressions  for  which  are  given  in  work  [22]. 


Under  the  influence  at  the  input  of  nonlinear  transistor 
cascade/stage  at  the  moment  of  time  t-0  of  voltage  surge  Un 
transient  processes  at  zero  time  according  to  expressions  (5-24)  and 
(5-45)  are  described  by  the  following  nonlinear  differential  equation 

du _  • _  SU  1 

-ar +  -<5 — Um* "  ‘tts(* ^  (^fl) 
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Linear  conditions  (z<l).  For  the  linear  conditions  equation 
(5-46)  can  be  registered 

£+*«-**(  i -*-“),  (5-47) 

where 


6  - 


» -  i 


For  solving  equation  (5-47)  it  is  possible  to  use  the  Laplace 
transform.  Applying  to  equation  (5-47)  direct  transformation  of 
Laplace  (5-3),  we  obtain 


pt(p)  +  bx  (p) 


ie» 

PiP+c)  ’ 


whence 
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For  finding  the  original  z(t)  we  apply  inverse  transformation  of 
Laplace  (5-4) 


*(0“5T  I  JkTfS Vmdp'  (540) 

Since  pole  images  z(p)  are  located  in  the  left  half-plane  by 
complex  variable  p,  for  calculating  the  original  z(t)  we  apply  the 
Cauchy  theorem  about  the  deductions.  Lowering  intermediate 
linings/calculations,  finally  we  obtain 

— £rr  +  -rrr).  (5‘50) 


With  t««»  2y  a. x  and  the  transient  response 


h 


Kl 


(5-51) 


Functional  mode/ conditions.  Logarithmic  amplifier  with  any 
foundation  N.  The  differential  equation,  which  describes  transient 
processes , 

~  +  ment  —  1(1  —  «•«),  (5-52) 

_ 

where  «  — lniF  — — ;  «-•“«-«  *;  $  —  can  be  solved  approximately  by  one 
of  the  methods,  enumerated  in  S  1. 
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For  finding  the  solution  of  equation  (5-52)  we  introduce 
designation  p  —  a-".  Then 


^  +  pnx  (1  —  #“•«)  —  n  m. 


(5-53) 


We  seek  the  solution  in  the  form  p»rs.  As  a  result 


a -Me 


I 

r  —  nm  J  e~lda  +  N  —  nm  J  *  '  *  da  +  N. 


(5-54) 


For  simplification  in  the  solution  we  accept  m*1.  For  solving 
the  integral  we  represent  value  s  in  the  form  of  the  series/row 


[i-t+£-£+...]. 


(5-55) 


KM 


where  T  ~  ~f  «r_M- 


In  practice  three  cases  can  be  met. 


1.  Inequality  q>>l.  is  fulfilled.  This  corresponds  to  the  case, 
when  in  the  narrow-band  and  low-frequency  amplifiers  are  used 
high-frequency  transistors  of  the  type  P403 — P416,  connected  on  the 
diagram  with  OB,  or  transistors  of  the  type  P411,  P4.18Zh,  connected 
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HP 

on  the  diagram  OB  and  OE.  Then  in  expression  (5-55)  it  suffices  to 
take  into  account  two  first  terms  of  series/row.  Taking  into  account 
the  done  assumptions,  and  also  the  condition  of  the  mating  of  the 
linear  and  logarithmic  sections  of  AKh  of  cascades/stages  during  the 
determination  of  integration  constant  N  into  expressions  (5-54),  we 
obtain  the  following  resultant  expression  for  p: 

p-«-  (t— j[t(1  —  *-"'<«—•>  + 

+  (l  -F.  ”  .H-M,  (5-56) 

where  value  a,  determined  foiT'this  value  of  x  from  equation 

(5-50)  at  the  moment/torque,  when  z»l. 


In  this  case 
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Substituting  expression  (5-56)  in  (5-57),  we  have: 


with  a^o, 


*  («)  - 1; 


with 


*  (a)  am  a  In  *  +  1. 


Transient  response  with  the  work  of  cascade/stage  in  logarithmic 

mode 


A  (a) 


»(«) 

a  lu  »  •+■  1  ’ 


(5-58) 


2.  Is  performed  exemplary/approximate  equality  q"*l,  i.e.,  t-v 
In  this  case  series/row  (5-55)  -  slowly  converging.  It  descends 
slower,  is  the  less  a  and  the  greater  x.  For  the  solution  of  problem 
it  is  necessary  to  consider  a  large  number  of  terms,  and  integral 
(5-54)  is  not  taken.  For  approximate  solution  of  problem  it  is 
possible  to  use  a  Laplace  transform  or  a  complex  conversion.  Let  us 
consider  the  solution  of  problem  with  the  help  of  the  Laplace 
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transform.  For  this  equation  (5-52)  let  us  rewrite  in  the  following 
form: 

t  =»  xb  (1  -  (5-59) 

at 


where  d  =■  be-*. 


On  the  basis  of  that  presented  in  SI 

w(P)^Pi  #00-1:  MO  =»  L~lH  (p)  —  i. 


Then  interval  (5-9)  for  our  case  taking  into  account  the  mating 

of  linear  and  logarithmic  sections  of  AKh  can  be  registered  in  the 

following  form  ^ 

*  (0  -  j  bx  (1  —  «-*')  di  —  f  de**dt,  (5-60) 

•  u 


which  in  accordance  with  expression  (5-12)  can  be  represented  in  the 
form  of  the  recurrent  series/rows 


*.W 
MO  a 


_ ). 

•*»-**-  +  ^]; 
*•  (0  —  d{t  —  (t)  ^1  -4-  tj  —  —  rffcrj  — ^  —  — 

+  +  - )); 


(5-01) 


Page  271. 


DOC  »  83138015 


i 


PAGE 


During  the  derivation  of  formulas  (5-61)  in  expansion 

+n*  +  + ...  were  considered  only  two  members.  This  assumption 

is  possible,  since  series/rows  (5-61),  beginning  with  z,(t),  for  the 
calculated  intervals  of  time  they  are  rapidly  converging. 

The  calculation  is  obtained  more  precisely,  the  greater  series/rows 
(5-61). 

It  is  most  expedient  to  calculate  transient  response  with  the 
use  of  series/rows  (5-61)  on  a  calculator. 

3.  Is  fulfilled  inequality  q«l,  i.e.,  In  this  case 

transient  processes  are  determined  in  essence  by  the  inertial 
properties  of  transistor  and  have  the  temporary /time  dependence, 
described  by  expression  (5-45). 

The  transient  responses  of  nonlinear  cascade/stage  with  LAKh  for 
two  values  of  q  with  x»l  and  10,  which  corresponds  to  beginning  and 
end/lead  of  LAKh  in  d»10,  are  depicted  in  Fig.  84.  Experimental  data 
coincide  sufficiently  well  with  the  calculated  ones. 

Transient  processes  in  the  region  of  long  times. 

The  distortion  of  flat/plane  pulse  apex  is  not  that  another  as 
distortion  of  the  transient  response  of  the  cascade/stage  in  the 
region  of  the  long  times,  when  inertness  of  UP  it  is  possible  to 
disregard  and  any  UP  it  is  possible  to  consider  it  inertia-free. 
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Fig.  84.  The  transient  responses  of  transistor  nonlinear 
cascade/stage  with  LAKh  for  the  region  of  the  short  times: 
q»100; - q-1 . 
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The  distortions  of  flat/plane  pulse  apex  depend  on  the  network 
elements,  which  are  determining  the  frequency  characteristic  in  the 
region  of  the  lowest  frequencies,.  The  equivalent  diagram  of  the 
nonlinear  cascade/stage  for  the  region  of  the  lowest  frequencies 
(without  taking  into  account  the  capacity/capacitance  of  filter)  is 
depicted  in  Fig.  85. 


For  vacuum-tube  amplifier  Ri,ssR0l  for  the  transistor  with  emitter 


follower— —  /fo  —  ftq  % 


For  the  most  real  values  of  the  resistor/resistance  to  R>1 
kiloohm  and  of  the  transient  capacity/capacitance  ^>0.05  nF 
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(smallest  capacitor  for  the  vacuum-tube  amplifiers)  and  the 
duration  of  pulse  t^5-10  us,  when  inequality  RCy'^tm.  is  fulfilled  the 
current  of  the  charge  of  capacities/capacitances  Cx  and  C, ,  which 
takes  place  through  the  nonlinear  element/cell,  during  the  action  of 
impulse/momentum/pulse  remains  in  effect  constant.  Consequently, 
resistor/resistance  R ««  of  nonlinear  element/cell  for  this  value  of 
the  quantity  of  the  voltage  pulse  is  also  constant,  i.e.,  - 

-r,*const.  Therefore  the  diagram,  depicted  in  Fig.  85a,  during  the 
action  of  impulse/momentum/ pulse  with  a  sufficient  degree  of  accuracy 
can  be  considered  as  linear.  “Xn  this  case  one  must  take  into  account 
that  to  each  value  of  input  voltage  corresponds  its  value  of 
resistor/resistance  fl*.,  determined  from  the  appropriate  formulas. 
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Fig.  85.  The  equivalent  diagrams  of  the  nonlinear  cascade/stage  for 
the  region  of  the  low  frequencies:  a)  the  process  of  the  charge  of 
capacities/capacitances;  b)  the  process  of  the  discharge  of 
capacities/capacitances?  <■.- »-«•  and  *-**  -  respectively  for  the 

H  j|« 

electron-tube  and  transistor  amplifiers;  **-*4- 

respectively  for  the  electron-tube  and  the  transistor  amplifier;  C 
and  C,  -  with  respect  transient  and  separating 
capac i t i es/capac i tances . 
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Distortion  of  flat/plane  pulse  apex. 


The  value,  which  most  fully  characterizes  transient  processes 
during  the  action  of  impulse/momentum/pulse,  is  relative  decay  in  its 
flat/plane  apex/vertex,  the  numerically  equal  to  the  ratio  of 
absolute  decay  in  the  flat/plane  apex/vertex  AU  toward  the  end  of  the 
action  of  impulse/momentum/pulse  to  maximum  conservative  value  of  the 
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impulse/momentum/pulse 


UUU  (<•) 


^MU  (*») 

'iwoj  1 


(5-02) 


where  U*u(0)  »SUuRt  and  Uua(U)  -  output  voltage/stress  of 
impulse/momentum/pulse  at  the  moments  of  time  t*0  and  Since  the 

cascade/stage  during  the  action  of  impulse/momentum/pulse  is  linear, 
for  the  analysis  of  transient  processes  in  the  diagram  in  Fig.  85a 
and  determining  the  relative  decay  it  is  possible  to  use  a  Laplace 
transform. 


Operational  image  of  output  potential  of  cascade/stage  during 
the  action  of  impulse/momentum/pulse  according  to  diagram  in  Fig.  85a 


U**  (p)  -  Imp  (P)  Zt  (p) 


i  ■  *  ? 

Ti  ,+•  r.  +  '. 


where  e-su~*' 


Original  of  the  voltage/stress 


«>  “  *  [cfrr, -  ' H  ■ ■  <*-«> 


Substituting  in  expression  (5-62)  of  value  £/m«(0)  and  Vhh(4 
we  obtain  expression  for  the  relative  decay,  caused  by  the  charge  of 
capacities/capacitances  Ct  and  Ca, 

(M5) 
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With  fulfilling  of  inequality  expression  (5-65)  is 

simplified 


A 


t  4*  _  i  1 

*  [caVi  ■+,ri)  CfrJ 


(5-66) 


Page  274. 


Substituting  in  expression  (5-66)  the  value  of 
resistor/resistance  of  r, 


Tt 


we  obtain 

A|  “  *■ lT  (,)  ~ 11  + del  •  {M1) 

The  resulting  (total)  relative  decay  in  the  flat/plane  pulse 
apex  at  the  output  of  the  nonlinear  cascade/stage 

A  —  \x  +  A,  +  A,  —  A*,  (5-68) 

where  A,  -  relative  decay,  capacities/capacitances  C*  forming  with 
the  charge  in  the  cathode  circuit  of  tube  (or  C%  in  the  emitter 
circuit  of  transistor);  A,  -  relative  decay,  which  is  formed  with  the 
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charge  of  capacity/capacitance  in  the  circuit  of  the  screen  grid  of 
tube;  A4  -  relative  decay,  which  is  formed  with  the  charge  of  the 
capacity/capacitance  of  the  filter,  connected  in  series  with  the 
load. 

Values  A,,  A,  and  A4  over  the  dynamic  range  are  constant  and  are 
determined  from  formulas  for  linear  amplifier  [56]. 

With  the  increase  of  input  voltage  component  Ax  rapidly  grow 
also  many  times  exceed  remaining  components/terms/addends  of  sum 
(5-68).  Therefore  during  the  calculation  of  relative  decay  at  the 
output  of  n-cascade  functional  amplifier  for  the  nonlinear 
cascade/stage,  assembled  on  the  diagram  (Pig.  82),  without  the 
considerable  error  it  is  possible  to  take 

A  a*  Aj. 


After  the  break-down  of  impulse/momentum/pulse 
capacity/capacitance  C,  is  discharged  through  two  parallel-connected 
resistors/resistances  of  R  and  Transient  processes  during  the 

discharge  of  capacity/capacitance  C«  are  described  by  nonlinear 
differential  equation  (5-24).  In  view  of  the  fact  that  the  form  of 
decay  in  the  impulse/momentum/pulse  does  not  have  vital  importance, 
the  detailed  analysis  of  transient  processes  during  the  discharge  of 
capacity/capacitance  C.  is  not  given.  It  should  be  noted  that  as  a 
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result  of  an  increase  of  resistor/resistance  in  the  process  of 

the  discharge  of  capacity/capacitance  c„  decay  in  the 

impulse/momentum/pulse  is  somewhat  stretched  in  comparison  with  the 
t  pulggu.  As  shown  by  the  Cheoretical  and  experimental? 
front  of  th^research,  carried  out  by  the  author,  the  decay  time  in 

the  impulse/momentum/pulse  at  the  output  of  cascade/stage  with  b*var 

(\)  with  x£d  is  3-5  times  more  than  the  time  of  establishment. 

Page  275. 

Parasitic  reverse/ inverse  selection. 

The  value,  which  most  fully  characterizes  transient  processes  in 
the  nonlinear  cascade/stage  after  the  break-down  of 
impulse/momentum/pulse,  is  the  relative  overshoot,  numerically  equal 
to  the  ratio  of  the  voltage/stress  of  overshoot  Um  to  the  maximum 
value  of  the  impulse/momentum/pulse 

3“Z7~(55-  (S'09) 

General/common/total  relative  overshoot  is  composed  of  the  same 
various  components 

P  ■"  Pi  +  P»  +■  P*  —  P* 

caused  by  discharge  capacities/capacitances,  as  for  Aw  A,,  A,  and 
A«.  Components  £*,  /3,  and  04  are  the  same,  as  for  the  linear 


DOC  -  83138015 


PAGE 


itf  1 

cascade/stage,  they  are  determined  from  the  same  formulas  and  they 
are  constant  over  the  dynamic  range.  The  value  of  the  overshoot  fix, 
which  is  formed  due  to  the  discharge  of  the  transient  capacitor  Cx, 
is  changed  over  the  dynamic  range  and  can  reach  the  significant 
magnitudes. 

For  determining  the  voltage/stress  Um  we  will  use  the 
equivalent  diagram  of  the  discharge  of  capacities/capacitances  C x  and 
C,,  depicted  in  Fig.  85,  where  through  r'2  the  resistor/resistance  of 
nonlinear  element/cell  for  voltage/stress  is  marked- If  as  the 
nonlinear  element/cell  are  used  two  diodes,  connected  by  different 
polarities  (Fig.  30e) ,  maximum  voltage/stress  UM  actually  composes 
tens  of  millivolts  and  resistor/resistance  r’,  reaches  the  units  of 
kilohm. 


During  the  determination  of  voltage/stress  U,  at  zero  time  of 
the  discharge  of  capacities/capacitances  the  diagram  (Fig.  85b)  can 
be  considered  linear.  For  simplification  in  the  analysis  let  us  take 
*»  <  Rim  Then 


where  ui  “  C*+Ct  ^  U*  “  5^*5;  ^  —  -  respect  ively 

voltage/stress,  to  which  capacities/capacitances  Ct  and  C,  toward  the 
end  of  the  action  of  impulse/momentum/pulse  will  be  loaded  by 
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gp 


duration  <■ 
obtain 


Substituting  their  values  into  expression  (5-70),  we 


u' "  E  (i "  r*u)  -  3^7,  l1  -  ^+7?)]  • 


In  this  case  the  relative  overshoot 


[C» rTF?  - (J  “ TTTTj)] (1  ~ ^ 


Page  276. 


With  fulfilling  of  inequality 


Pi 


*« 


\c  '*  ,  cl 

!  '«  VI 

rl  +  '■*/] 

(5-72) 


The  curves  of  change  Ax*f(x)  and  £x*f(x)  in  the  dynamic  range 
for  the  logarithmic  cascade/stage  at  the  different  values  of 
capacities/capacitances  Cx  and  C,  are  given  in  Fig.  86.  During  the 
calculation  it  is  accepted:  R*  —  2  kiloohm?  d»10.  From  the  figure  one 
can  see  that,  varying  with  the  values  of  capacities/capacitances  Cx 
and  Cx,  it  is  possible  to  considerably  decrease  values  Ax  and  j3x  over 
entire  dynamic  range.  Unbroken  curve  1  corresponds  to  the  case  of 
recorrection  of  flat/plane  pulse  apex.  Curves  3,  4  are  optimum. 


MULTISTAGE  AMPLIFIER. 


Distortion  of  pulse  edge 
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The  differential  equation,  vhich  describes  transient  processes 
at  the  output  of  the  i  nonlinear  cascade/stage  of  n-cascade  video 
amplifier  at  the  initial  moment  of  acting  the  impulse/momentum/pulse, 

3^  +  ?  (**)  —  Kafi-t  («»).  (5-73) 

where  -  relative  output  potential  of  (i-1)  nonlineax_ 

cascade/stage. 

The  transient  responses  of  logarithmic  amplifier  jfr=»v*r(|)l  for 
different  number  of  nonlinear  cascades/stages  with  N=2.72  and  d»10 
are  depicted  in  Fig.  87. 

Characteristics  are  designed  graph-analytically  according  to 
equation  (5-73)  with  any  n  for  the  end/lead  of  the  logarithmic  range 
of  n-cascade  amplifier.  This  corresponds  to  relative  voltage-  on  the- 
input  of  the  first  cascade/stage  x*d. 
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Fig.  86.  The  curves  of  change  and  px  in  the  dynamic  range  for  the 

logarithmic  cascade/stage: - A1«f(x); - l-c1*c1=0.1 

fiFi  2  -  Cx»0.1  uF;  C,»5  mF?  3  -  Cx*l  uF;  C,*5  uF;  4  -cr»Cj*5  mF. 

Page  277. 


Being  congruent/equating  the  ^transient  responses,  given  in  Fig.  87, 
with  the  characteristics  of  n-cascade  linear  amplifier,  given  in  work 
[29],  let  us  compose  Tables  11  of  relative  change  and 

amplifier  with  the  input  voltage,  which  corresponds  to  the  end/lead 
of  the  logarithmic  range  in  comparison  with  fy.«ui  and  Umm*  when 
amplifier  reinforces  low  signals  and  operates  in  the  linear 
conditions.  From  Table  11  it  is  evident  that  with  n^5  value  C  — 
and  i.Isje:  they  remain  in  effect  constant. 


Analogously  it* is  possible  to  calculate  transient  responses, 


also,  for  other  types  of  multistage  FU  with  b*var  (  +  ). 
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Relative  decay  in  the  pulse  apex  and  relative  overshoot. 

Relative  decay  in  the  flat/plane  pulse  apex  at  the  output  of 
n-cascade  functional  video  amplifier 

(5-74) 

where  Atuu  -  component  of  general/common/ total  relative  decay  at  the 
output  of  video  amplifier,  caused  on  the  decay,  which  are  formed  in 
the  i  nonlinear  cascade/stage.  Formula  (5-74)  is  accurate  with 
fulfilling  of  inequality  AiaMZ<  10-15%. 

Relative  decay  Aia**  has  different  expressions  with  the  work  of 
nonlinear  cascades/stages  in  different  modes/conditions. 
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Table  11. 


TVttf  stufM  u 


IK 

1 

l 

« 

ft 

C 

0,077 

0,119 

0,097 

0,084 

0,0835 

1 

0.24 

0,154 

0,117 

0,098 

0,09 

Fig.  87.  Transient  responses  of  multistage  logarithmic  amplifier. 


Page  278. 

With  the  work  of  cascades/stages  in  functional  and  quasi-linear 
modes/conditions  Atwu  it  is  determined  by  expression  (5-67),  since 
value  Ait  of  the  i  cascade/stage  is  transmitted  to  the  output  of 
amplifier  by  the  subsequent  cascades/stages,  which  work  in  the 
quasi-linear  mode/conditions,  without  the  change. 
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With  the  work  of  the  i  cascade/stage  in  the  linear  conditions 
the  general/common/total  expression  for  the  transmitted  to 

the  output  functional  amplifier,  can  be  registered  in  the  following 
form: 


Auimx 


^  ^m«  i)  ^  f^iux  t  ^i)l 


(5-75) 


Using  expressions  for  FAKh,  given  in  Table  1,  on  the  basis  of 
expression  (5-75)  we  can  register: 


for  the  logarithmic  amplifier 

Ah  «  -  —  •  (5-76) 


or  with  Ax^5% 


where  X  and  Z  -  standardized/normalized  voltages/stresses  of 
amplifier,  which  correspond  to  the  moment/torque  of  the  work  of  the 
cascade/stage  in  the  linear  conditions? 


for  the  amplifier  with  SAKh  with  /3«l/n<l 


ft 


- 


(5-77) 


The  greatest  decay  A,  is  observed  at  the  end  of  the  dynamic 
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range  of  FAKh  and  is  determined  by  expression  (5-74),  in  which  the 
components  are  calculated  from  formula  (5-67).  As  can  be  seen  from 
Fig.  86  at  the  unsuccessfully  selected  values  of  capacitors  C!  and  C, 
general/common/total  decay  can  achieve  the  significant  magnitude. 
Curves  3,  4  are  the  most  optimum  case  of  the  selection  of 
capacities/capacitances  for  the  multistage  amplifier,  made  on  the 
diagram_in  Fig.  82,  when  in  the  part  of  the  cascades/stages  is 
observed  overcorrection  of  flat/plane  pulse  apex,  and  in  other  - 
undercorrection.  As  a  result  at  the  output  of  amplifier  the  mutual 
compensation  for  the  distortion  of  flat/plane  pulse  apex  occurs. 

Under  the  influence  on  the  input  n-cascade  FU  of  ideal 
impulse/momentum/pulse  without  the  reverse/ inverse  overshoot  relative 
overshoot  at  the  output  of  the  amplifier 

n 

P*  ™  ^  “II  (5-78) 

where  -  component  of  general/common/total  relative  overshoot  at 

the  output  of  amplifier,  caused  on  the  overshoot,  which  are  formed  in 
the  i  nonlinear  cascade/stage. 

Page  279. 

Formula  ( 5—78 )  is  valid  [56]  with  fulfilling  of  inequality 
10-15%. 
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Functional  amplifiers  with  6»»var(|)  possess  the  property  of 
accentuation  of  reverse/inverse  overshoots.  This  is  caused  by  the 
fact  that  the  parasitic  overshoots,  which  are  formed  in  the  nonlinear 
cascades/stages,  many  times  of  less  than  the  signal  are  reinforced 
according  to  the  linear  law  with  b=makc=const ,  and  signals  are 
reinforced  according  to  the  functional  law  with  6  =  var(|).  As  a 
result,  at  the  output  of  FU  toward  the  end  of  the  dynamic  range  60-80 
dB  relative  overshoot  can  reach  to  30-60%  [7].  Negative  property  of 
FU  with  ▼« { l  )■  -  to  stress  reverse/inverse  overshoots  -  is 

exhibited  also  when  video  amplifier  itself  is  ideal  and  in  it 
reverse/ inverse  overshoots  (ideal  video  amplifier)  are  not  formed, 
but  its  input  real  impulses/momenta/pulses  with  the  insignificant 
reverse/ inverse  overshoot  enter.  Thus,  for  instance,  with  the 
relative  overshoot  at  the  input  of  ideal  logarithmic  video  amplifier 
Pm-»0.01%  relative  overshoot  at  the  output  of  video  amplifier 
toward  the  end  of  the  dynamic  range  80  dB  (with  a«l)  reaches 
-10%;  with  £•«  »0.1%  P*m**32%  and  with  »1%  P««s*54%. 

With  the  decrease  of  coefficient  of  a  of  value  jw  they  grow. 

On  the  basis  of  the  analysis  conducted  it  is  possible  to  do  a 
following  conclusion.  For  decreasing  the  parasitic  reverse/ inverse 
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overshoot  at  the  output  of  functional  video  amplifier  it  is  necessary 
to  in  every  possible  way  reduce  the  overshoots,  which  are  formed  both 
in  the  nonlinear  cascades/stages  of  video  amplifier  and  in  the 
amplifier  circuit,  connected  before  the  video  amplifier. 


Considerable  parasitic  reverse/inverse  overshoot  is  the 
fundamental  reason,  which  limits  the  wide  application  of  functional 
video  amplifiers.  The  elimination  of  parasitic  overshoots  is  the 
fundamental  problem,  with  solution  of  which  the  field  of  application 
of  functional  video  amplifiers  with  b»var  (\),  considerably  will  be 
widened. 


WAYS  OF  DECREASING  THE  DISTORTIONS  OF  PULSE  SIGNAL  IN  FUNCTIONAL 
VIDEO  AMPLIFIERS. 


As  a  result  of  the  conducted  investigations  by  the  author  some 
circuit  solutions  are  determined,  with  the  help  of  which  it  is 
possible  to  decrease  the  decay  and  flat/plane  pulse  apex  and 
parasitic  overshoot  at  the  output  of  nonlinear  cascade/stage,  caused 
on  transient  capacity/capacitance. 

Page  280. 


To  such  solutions  should  be  related:  the  correction  of  the 
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help  of  the  separating  capacity/capacitance  C, ;  insertion  of 
nonlinear  element  ahead  of  depletion-layer  capacitance  C,  ;  load 
shunting  by  type  1  and  type  2  nonlinear  dividers;  inclusion/connection 
of  the  nonlinear  element/cell,  which  forms  PAKh,  into  the  circuit  of 
consecutive  negative  current  feedback  (cathode  or  emitter). 

With  the  shunting  of  load  by  nonlinear  dividers  simultaneously 
occurs  the  stabilization  of  the  delay  time  of  signal  over  the  dynamic 
range. 

All  enumerated  solutions  are  in  sufficient  detail  examined  in 
work  [7].  However,  the  case  of  including  the  nonlinear  element/cell 
to  the  transient  capacity/capacitance  work  indicated  examines  without 
taking  into  account  the  effect  of  the  separating  capacity/capacitance 
C,,  what  cannot  be  made  for  the  transistor  amplifiers. 

Inclusion/connection  of  nonlinear  element/cell  to  the  transient 
capac i ty/capac i tance . 

The  equivalent  diagrams  of  the  cascade/stage  for  the  region  of 
the  lowest  frequencies  are  depicted  in  Fig.  88. 


During  the  action  of  impulse/momentum/pulse  we  consider  diagram 
linear,  since  for  the  real  cases  for  practice  is  fulfilled  inequality 
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Distortion  of  flat/plane  pulse  apex.  Image  of  output 
voltage/stress  according  to  diagram  (Fig.  88a) 

Uvu  {p)  -  EBClr1  [jr +  m  ,«  + + J  >  (5’7U) 


B. 


<V*  +  v,  -f  Yj  *  ^ 


where 


ifr'1  ±  c«l-«  ±  cy.  M  r 
Iffy  +  v«  +  v«}  '  W 
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Fig.  88.  Equivalent  diagrams  of  the  cascade/stage  for  the  region  of 
the  l-ewest  frequencies  with  connection  of  nonlinear  element/cell  to 
the  transient  capacitor  C*:  a)  the  diagram  of  the  charge  of 
capacities/capacitances;  b)  the  diagram  of  the  discharge  of 
capacities/capacitances;  'f- 

t  i  .  >  i  .  „ 

t:  “  s + *  ib  » 

Page  281. 


Original  of  the  output  voltage/stress 


TJ —  ( t )  «■  EBClri  sh  bt  +  me~  ^ch  bt  —  sh  bt'j j ,  (5-80) 


where 


-yfz 


Substituting  in  expression  (5-62)  value  £Vx(0w*th  t»0  and 
we  obtain  expression  for  relative  decay  in  the  flat/plane  apex/vertex 


A  *■  1  —  sh  btm  •+*  oh  bti  — 

1  M,n 

~gsh6<,j#"T“.  (5 


(5-81) 
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Voltage/stress  of  parasitic  reverse/inverse  overshoot  at  the 
initial  moment  of  the  discharge  of  capacities/capacitances  Cx  and  C 
according  to  diagram  in  Fig.  88b 


U,  - 


Uy _ Uj_ 


^  'iW  ^  Vi 

(5-82) 


Image  of  voltage/stress  Ux  according  to  Fig.  88a 


V,  (p)  -  U9  (p)  Zx  (p)  -  EB  + 


m 


_i_  itn  i  a 


j. 


Original  of  the  voltage/stress 

Ux  (0  -  E  [i  —  C T  (ch  bt  +  ~  sh  bt  +  ~  sh  6<j] .  (5-83) 

It  is  analogous,  we  obtain  for  voltage/stress  U2  on 
capacity/capacitance  C, 

Ut  (/)  -  E  [l  —  ' T  ^  ^  "  sh  bt  +  sh  &)] ,  (5-84) 

where  n^C^. 
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Fig.  89.  The  curves  of  change  of  Ax  and  /3 in  the  dynamic  range  of 
the  logarithmic  cascade/stage,  made  on  the  diagram  in  Fig.  88. 
Capacitance  values  are  the  same  as  in  Fig.  86. 


Page  282. 


Substituting  expression  (5-82)  in  (5-68),  taking  into  account 


conditions  (5-83)  and  (5-84)  when  f  — 


p,-*  — 


■T* 


ve  obtain 

(ch*,  +  gsh*.  +  ^»hfc<.) 


i  + 


Ml 


1—  • 


where  A 


.  r>r«  +  Tt  4-  'V. 
'Vt 


'•»('•»  +  r%) 

'■  I  M  nB  V 
(<**.  + 2* 
t  ".  rj  (r,  +  r  J 


(5*85) 


Dependences  Ax»f(x)  and  /3x»<|)(x)  for  the  logarithmic 
cascade/stage  upon  the  inclusion/connection  of  nonlinear  element/cell 
to  the  transient  capacity/capacitance  are  given  in  Fig.  89.  From 
these  curves  it  is  evident  that  .during  the  appropriate  selection  of 
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capacities/capacitances  and  Cx  it  is  possible  to  obtain  the 
virtually  constant  values  and  with  a  change  of  the  signal  in 
entire  dynamic  range. 

S3.  Transient  in  the  selective  amplifiers  with  the  nonlinear  load. 

Transient  processes  in  the  tuned  amplifier. 

During  the  research  of  transient  processes  in  selective 
amplifiers  let  vis  assume  that  UP  is  linear  in  entire  dynamic  range. 
This  assumption  in  practice  usually  is  performed.  As  a  result  of  both 
one  cascade/stage  and  multistage  FU  upon  the  inclusion  at  the  moment 
of  time  t-0  of  voltage  surge 

(0  =*  U%X  (f)C0S(iK, 

where  t/„(0  -  envelope  of  input  voltage. 

Then  output  potential 

«mk  (t)  -  Umu.  (0  sin  [«x  —  <j>  (<)l. 

where  Uun(t)  -  envelope  of  output  voltage/stress,  which  is  the 
slowly  varying  function  of  time;  ^(t)  -  slowly  varying  phase. 


Page  283. 
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Since  during  the  research  of  transient  processes  is  of  interest 
only  envelope  of  oscillations,  i.e.,  the  law  of  a  change  in  the 
amplitude  of  oscillations  at  the  output  of  amplifier,  as  shown  in 
work  [33],  it  is  most  expedient  to  investigate  transient  processes  by 
obtaining  the  approximate  differential  equations  for  the  envelopes 
(shortened  equations)  with  their  subsequent  solution  by 
graphoanalytical  method.  With  this  method  of  study  the  problem  is 
simplified,  since  interesting  us  envelopes  are  obtained  without  the 
plotting  of  curves  of  high  frequency,  and,  furthermore,  abbreviated 
equations  for  the  envelope  are  the  nonlinear  differential  equations 
of  lower  order  than  the  initial  differential  equations  of  transient 
process . 

Furthermore,  for  the  simplest  diagrams  differential  equations 
can  be  solved  in  the  final  form. 

The  detailed  methodology  of  the  composition  of  the  shortened 
equations  is  given  in  work  [29].  In  accordance  with  this  methodology 
let  us  compose  the  shortened  equation  of  cascade/stage  with  the 
single  duct/contour,  shunted  by  the  nonlinear  element/cell  (Fig. 

32),.  Complex  transmission  factor  of  the  cascade/stage 
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Taking  into  account  that  equivalent  circuit  damping 


3. 


(W7) 


we  obtain 


K  (/“) 


's> 


Let  us  find  expression  for  the  shortened  complex  amplification 
factor  with  a  small  detuning,  when  Taking  into  account  that 


i-i+e-i  +  a. 


we  obtain 


K  U  (“#  +  A»)l  - 


—  (~)  +v~+/»,+/^»t 
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Relative  detuning  Aw/u,  and  attenuation  5  are  the  small 
first-order  quantities.  Rejecting  in  the  numerator  and  the 
denominator  all  terms  of  the  second  and  higher  han  the  order  of 
smallness  and  substituting  the  value  *».  we  obtain 
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There  is  in  effect  greatest  interest  in  the  case,  when  tuned 
amplifier  is  tuned  to  a  frequency  of  signal.  Taking  into  account 
this,  it  is  possible  to  use  not  with  complex,  but  real  envelopes. 

Then  enveloping  at  the  output 

(0  -  K  (/*•»)  «  (')•' 

Substituting  the  value  of  K(jAtj),  we  obtain 
(2/Aa>C0  -f-  g llta)  U iux  (|)  =  SU ax  ( t ). 

Considering  jAu  as  the  differential  operator  jAu»d/dt,  we  obtain 
the  shortened  equation  for  the  envelope 

2C<»  — jjj —  4*  fa  tttaU  bmz  »  SU  ax-  (5-89) 

FOOTNOTE  ‘ .  In  equation  (5-89)  by  U  should  be  understood  the 
amplitude  values  of  voltages/stresses.  ENDFOOTNOTE. 

For  the  low-frequency  gauge  (transistor)  in  equation  (5-89)  it 
is  necessary  to  substitute  the  value  of  slope/transconductance  at  the 
resonance  frequency  of  oscillatory  circuit. 


For  obtaining  by  required  AKh  of  cascade/stage  the  conductivity 
for  the  fundamental  harmonic  of  anode  (collector)  current  in  equation 
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(5-89)  is  described  by  expression  (5-25),  in  which 

go  =■  gtux  +  go.  a  +  gm  +  got  33  gjj  t 

where  ga  -  conductivity  of  shunt. 

Substituting  into  equation  (5-89)  conductivity  relative 

time  a  and  the  standardized/normalized  voltages/stresses  x  and  z,  we 
obtain 

J  +  f  (*)*-*(«),  (5-00) 


where 


(5-01) 
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Equation  (5-90)  is  correct  for  the  amplifiers  with  the 
inertia-free  and  with  inertial  UP,  since  standardized  values  x  and  z 
do  not  depend  on  the  absolute  value  of  the  slope/transconductance  of 
passage  characteristic  of  UP. 

Equation  (5-90)  is  analogous  -(with  5-26),  that  describes 
transient  processes  in  aperiodic  FU.  Therefore,  all  solutions, 
obtained  in.  S2  during  the  analysis  of  transient  processes  in 
aperiodic  FU,  during  the  replacement  of  value  on  a  are  valid  also 
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for  resonance  FU. 

Comparing  the  relative  time  of  video  amplifier  (aperiodic 
amplifier)  with  the  relative  time  of  tuned  amplifier  with  the 
single  ducts/contours  a,  we  see  that  with  the  fulfillment  of  equality 
*•  —  *  the  value  of  resistors/resistances  Ro  in  the  anode  circuits  of 
UK  of  video  amplifier  is  2  times  more  than  in  the  cascades/stages  of 
tuned  amplifier  (with  the  identical  capacities/capacitances  in  the 
anode  circuits  C0).  Consequently,  in  this  case  logarithmic  video 
amplifier  with  the  work  in  the  linear  conditions  has  a  passband  2 
times  less,  and  maximum  amplification  factor  2  times  larger  than 
tuned  amplifier.  The  distortions  of  pulse  edge  in  both  amplifiers  are 
identical.  With  the  equality  of  ranges  of  LAKh  absolute  changes  in 
the  delay  time  of  signal  t,  and  time  of  the  establishment  of 
impulse/momentum/pulse  *r  in  this  case  in  both  amplifiers  are 
identical. 

With  the  equality  of  stray  capacitances  C,  and 
resistors/resistances  R,  in  the  anode  circuits  of  the  cascades/stages 
of  video  amplifier  and  tuned  amplifier  the  maximum  factors  of 
amplification  and  passband  of  both  amplifiers  are  identical.  Then 
with  the  equality  of  ranges  of  LAKh  relative  changes  in  the  time  lag 
of  signal  Aa  in  the  aperiodic  and  tuned  amplifiers  identical,  but 
absolute  a  change  of  the  delay  time  of  signal  in  logarithmic  video 
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amplifier  are  2  times  less  than  in  the  resonance,  since 

A^.-Ac^Co;  (5-92) 

Aja .  p  »  Ao2i?0^ot  (5-93) 


then  when  Aa,  —  Aa 


This  property  of  logarithmic  amplifiers  should  be  considered 
during  the  design  of  different  equipment. 

Page  286. 


TRANSIENT  PROCESSES  IN  BANDPASS  AMPLIFIER. 


For  finding  the  equation,  which  describes  transient  processes, 
we  will  use  the  expression  of  the  abbreviated  transmission  factor  of 
band-pass  amplifier  (2-157),  which  for  the  optimum  parameters 


A(/Q)-A«- 


<  +  2  (*»  +  **»)  ~  +  +  °*5  (*l  +  ®2»)1 


(5-94) 


where 

8*  -8i?(*);  (5-95) 

?  (*)  -  (9«  +  ^*)  7  —  (^^ 


We  write/record  the  equation,  which  connects  the  output  and 
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input  voltage  through  the  shortened  symbolic  transmission  factor 


or 


|4  +  2(jj  +  8j»)  ~  +  (Ms*  +■  0,5  +  Sa»)]}  Uata  *“ 

■»  {q*  +  A*)  Utx.  (5-08) 

Factor  j,  which  indicates  phase  displacement  between  the  output 
and  input  voltage  on  180°,  in  the  right  side  of  equation  (5-94)  is 
omitted,  since  only  envelopes  interest  us.  Substituting  in  equation 
(5-98)  (jG)*  on  dVdt1,  jS2  on  d/dt,  we  obtain  the  shortened 
differential  equation,  which  describes  transient  processes  in  the 
nonlinear  cascade/stage 

4— jpr*  +  (8*  +  8*)  — J"  +  wj  [JjSj,  +  0,5  (8f  +  *to)l  U BWS  »■ 

(5-W) 
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Passing  to  the  standardized/normalized  voltages/stresses  x,  z, 
relative  time  a  and  taking  into  account  expression  (5-95),  (5-96), 
finally  we  obtain 


£j  +  {i  +  f  (i)]  5  +  (f  (*)  +  0,5  (I  +  (*)])  *-(?■  +  ^*)  *♦  (5-100) 
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The  transient  responses  of  nonlinear  cascade/stage  of  FU  for 
different  levels  of  the  input  standardized/normalized  voltage  can  be 
designed  according  to  equation  (5-100)  by  graphic  method  or  in 
calculator. 

The  transient  responses  of  nonlinear  cascade/stage  with  the 
optimum  the  parameters,  that  works  in  the  linear,  logarithmic  and 
quasi-linear  mode/conditions,  are  given  in  Fig.  90.  Characteristics 
are  constructed  graphically~according  to  A.  D.  Bashkirov's  method. 
During  the  calculation  it  is  accepted:  dx*10;  =*0.6;  $=0.7.  This 

corresponds  to  critical  coupling  between  the  ducts/contours  in  the 
work  of  cascade/stage  in  the  linear  conditions. 

Being  congruent/equating  the  transient  responses,  given  in  Fig. 
83  and  90,  we  see  that  in  the  band-pass  amplifier  with  the  optimum 
parameters  the  delay  time  over  the  dynamic  range  is  more  stable  than 
in  the  tuned  amplifier  with  the  single  ducts/contours.  It  is  obvious 
that  in  the  multistage  functional  band-pass  amplifier  with  the 
optimum  parameters  the  delay  time  of  signal  over  the  dynamic  range 
will  be  also  stabilized. 
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The  transient  response  of  the  i  nonlinear  cascade/stage  of 
n-cascade  amplifier  can  be  designed  graphically  (or  it  is  designed  in 
calculator)  according  to  the  equation 

'S-f  U  +  *(n)l£i  +  [9  (*«)  +  0.SU+  ?•(*>]} **- 

—  (?■  +  ^*)  (5-1021 

by  the  consecutive  construction  of  the  transient  responses  of  each  of 
the  cascades/stages,  beginning  from  the  first. 


DOC  -  83138015 


PAGE 


I  2  * 


Fig.  90.  The  transient  responses  of  nonlinear  cascade/stage  with  the 
optimum  parameters. 

Page  288. 

S4 .  Transient  processes  in  selective  FU  with  the  nonlinear  amplifier 
instruments. 

Selective  amplifiers  on  the  tubes. 

Tuned  amplifier  with  the  single  oscillatory  circuit. 

During  the  analysis  of  transient  processes  in  the  vacuum-tube 
amplifiers  we  will  consider  that  the  tube  is  inertia-free  UP.  If  as 
UP  pentode  is  used,  it  is  possible  to  consider  that  the  transient 
processes,  which  take  place  in  the  cathode  circuit,  do  not  depend  on 
transient  processes  in  the  anode  circuit.  Therefore  the  analysis  of 
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transient  processes  it  is  expedient  to  carry  out  into  two  stages: 
first  in  the  cathode  circuit,  and  then  in  the  anodic. 

Furthermore,  the  mathematical  solution  of  stated  problem 
considerably  is  facilitated,  if  transient  processes  are  examined  for 
two  input  signal  levels:  for  small  levels  of  the  signal,  when  is 
performed  inequality  Um<Uo  —  Uem.mi  for  the  high  levels  of  the-signal, 
when  inequality  um>U„ —  Ucm.w  fulfilled 

Transient  processes  on  a  small  signal  level. 

Transient  processes  in  the  cathode  circuit.  6n  a  Small  signal 
level  the  transient  response  of  tube  can  be  approximated  by  the 
polynomial  of  the  second  power.  In  this  case  transient  processes  in 
the  cathode  circuit  are  described  by  equation  (3-36),  which  can  be 
registered  in  the  following  form: 

«*•  +  **  +  ✓  "  ~  ^  (5-103) 

where 

*i  ■  *“  5;  “  e’>  **  — -  »  c\ 

V  ft*  —  4 ae  —  •;  V  6*  — 4ac'  —  E  —  U  —  z. 

Equation  (5-103)  is  the  equation  with  that  dividing  with 
variables,  which  easily  is  led  to  the  quadrature: 
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The  final  solution  of  integral  (5-104)  after  the  determination 
of  integration  constant  M,  on  the  basis  of  initial  conditions 
0,  — with  t*0,  takes  the  following  form 

*-  “s[6”,'6th(^*  +  Arcth-?)]*  (5-105) 

Transient  processes  on  a  small  signal  level  are  described  by 
expression  (5-105).  When  t  -  a>  cth  ^  *  +  Afj  - 1  and ,  therefore, 

x  -  jT  ~  »' ,  (5-106) 

Formula  (5-106),  obtained  as  a  result  of  solving  differential 
equation  (5-103),  coincides  with  previously  obtained  formula  (3-37) 

After  determining  x,  we  will  obtain  the  law  of  a  change  in  the 
amplitude  of  the  fundamental  harmonic  of  the  anode  current 

+  2a,  (E  -  tOJ  Um  -  [«'  otb  («*  +  M)  —  ,  (5-107) 

where 

*  *  *  ST  :  **  **  ^rct^  7  • 

Transient  processes  in  the  anode  circuit.  For  the  analysis  of 
transient  processes  in  the  anode  circuit  we  will  use  the  equivalent 
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diagram,  depicted  in  Fig.  91a.  Since  the  cascade/stage  is  assembled 
on  the  parallel  diagram  of  feed,  it  is  expedient  to  represent 
duct/contour  in  the  form  of  three  parallel  circuits  R„ ,  L  and  C0 . 
According  to  the  law  of  Kirchhoff 


<»(<)-<•(<)  +  <*.(<)  + MO- 
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Since 

4  («)•*■*;  =  tc**Co£; 

&L  M  1  du  .  <**0  <Pu 

~di  *  l  '’  dt  dt  °S7’ 

then  finally 

g  +  2»J  +  «la— (5-108) 

Value  8  =3  aflV"  we  consider  small  and  u=cjb  .  Then  equation  can 

be  solved  by  the  method  of  the  slowly  varying  amplitudes.  Let  us 
compose  the  shortened  equation.  We  will  seek  solution  in  the  form 
u(t)*mU (t) «*•*.  Finding  the  derivatives  of  the  unknown  solution  and 
substituting  in  equation  (5-108),  we  obtain 

+  2/«  «  W*  +  28  (^«><  + 

+  jnUe**}  +  v>\Ve*«  -  -J-  (^-  e'*  +  jaAei*  ) . 

In  accordance  with  the  method  of  the  composition  of  the 
shortened  equations  it  is  disregarded  by  value  d*U/dta  in  comparison 
with  w(dU/dt);  5(dU/dt)  in  comparison  with  SuU  and  dA/dt  in 
comparison  with  wA.  Then  we  obtain  the  shortened  equation: 

*L  +  W--£rA{t),  (5-109) 

or 

^  +  W  *  /cth  («<  +  M)  —  g. 


(5-109*) 
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where 
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/ -  ’¥:■  •- * “ k:  " “ Arclh^ 


The  obtained  equation  is  nonhomogeneous  linear  first-order 


equation  - 


S+P»-«. 


solution  of  which  takes  the  form 

Then  for  equation  (5-109)  we  obtain 


a  -tfi  +  +  2/  £  j  . 


where  a*  —  «■*. 


In  integral  j » we  make  substitution  |U.]  and  we  solve 


it  for  the  series/row  of  values  a-5/4,  6/2,  5  and  26.  After  the 


substitution  of  integration  constant,  found  from  the  initial 
conditions  U=«0  at  t=«0,  and  values  f  and  g,  finally  we  obtain: 
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1.  a  — 


-  (•'  ■ ~  i) 11  -  *■“> + + 

m+i*  ] 

+  *"**•"**  In  -  j ; 

2.  a  ■»  -i 

Mr  -  (•'  -  xjf1  -  < <-*0  +  In  i 


3.  a  —  8 

-JIM) 


v&  -  (•'  -  £) (1  “  •““> +  (Arcth<M  “ 

—  Arcthe^-H'); 


4.  a-28 
0(0 


-  («'  —  £ )  (1  —  ff-4')  +  «'eTV-t‘  {ArotU®*— 

$+***+«, 

—  Arcth  ®  —  (arcctg  »  -  arectg  a 1  )]. 
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(5-110) 


Prom  obtained  expressions  (5-110)  it  is  evident  that  at  the 
different  values  a,  i.e.,  with  different  C„  and  Um , 


the  transient  processes  have  different  character.  From  formulas 
(5-110)  it  is  directly  difficult  to  see,  as  the  character  of 
transient  processes  vrth  a  change  in  the  re-lationship/ratio  a/6  is 
changed.  Therefore  it  is  expedient  to  consider  a  numerical  example 
for  the  concrete/specific/actual  diagram  and  results  of  calculation 
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to  depict  graphically. 


For  an  example  let  us  take  cascade/stage  UPCh,  assembled  on  the 
tube  of  the  type  6ZhlP  with  operational  conditions  c/t  =  120  V  and 
Ua  a*  100  V.  The  characteristic  of  tube  for  the  selected 
mode/conditions  is  approximated  sufficiently  well  by  the  polynomial 
of  second  power  [12] 

i  -  20  +  W  +  W*. 

The  given  approximation  it  is  possible  to  use  in  the  limits  of 
grid  voltage  0-5  V,  when  polynomial  curve  coincides  well  from  the 
tube  averaged  by  characteristic.  We  choose  initial  bias  voltage 
Ucu. * **  x  ~  E  —  U  => V.  Anode  current  /•.■=3.75  mA.  with  the  selected 
bias  voltage  and  approximation  indicated  transient  processes  in  the 
diagram  can  be  calculated  for  the  signals  with  the  amplitude,  which 
does  not  exceed  Um<  1—2,5  V.  We  choose  resistor/resistance  in  cathode 
circuit  kiloohra.  Then  uH  ='3.75  •  10”»  4  10  =*  15  V; 

£*■  U  —  Uch.h  =  15  —  2.5  —  12.5  V. 


Let  us  assume  that  the  cascade/stage  has  the  following 
parameters:  resonance  frequency  f,-30  MHz;  passband  n-2  MHz;  the 
capacity/capacitance  of  plate  circuit  Cq  =  40  pF. 


Then  the  total  resistance  of  plate  load  R0 


zhz;  “2 


kiloohm. 
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We  determine  transient  processes  with  the  amplitude  of  input 
signal  Um=  2  V.  Then  formulas  (5-110)  take  the  form: 

il  M 

Jtjr  »  2,92  (1  —  a-"41)  +  1,84  f(e"T-a-4')  +  0,145a-*<  In 

t/m"0  l  ts.ta— t  ]• 

TT~JTa  -  (1  -  «-)  +  0.9&-  m  — j;sr=T'  i 

-  2,92  (1  -  a-41)  +  2,41a-41  (Arcth  2,02  —  Arcth  2,62a41); 

**  n»"o  1 

-  2,92(1  -  a-4')  +  1,95a-41 1  Arcth  1.62  - 

umItQ 

—  Arcth  1,62a11  —  (aroota  1,82  —  aroota  a*1)]. 
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t  2  3  4  St 

Fig.  92.  The  transient  responses  of  resonance  cascade/stage  on  a 
small  level  of  signal  um- 2  V. 
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The  calculated  transient  responses  of  cascade/stage  J k  «■  -  /  (&) 

vjer 

are  depicted  in  Fig.  92.  From  the  figure  one  can  see  that,  the  less 
the  value  a,  i.e.,  the  greater  the  value  of  capacity/capacitance  C„ 
the  less  the  pulse  rise-time.  At  a  certain  value  a  parasitic 
overshoot  appears  at  the  flat/plane  pulse  apex.  Thus,  for  instance,, 
with  a*5/4  overshoot  composes  approximately/exemplarily  A*7%. 
Parasitic  overshoot  is  reduced  with  the  reduction  of  the  amplitude  of 
input  signal.  After  conducting  of  calculations  for  Um  —  1 V  and  a*6/4 
it  is  found  with  A*0.4%. 


Transient  processes  on  the  high  signal  level. 
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Transient  processes  in  the  cathode  circuit.  Under  the  influence 
on  the  input  of  large  signal  it  is  expedient  to  approximate  the 
characteristic  of  tube  by  the  broken  straight  line  (Fig.  48a).  The 
character  of  transient  processes  in  anodic  circuit  is  determined  by 
the  transient  process  of  changing  the  voltage/stress  U  from  initial 
value  u*.m  at  moment  t=0  of  the  inclusion/connection  of  the  jump  of 
input  voitage  to  conservative  value  u * ,  (Fig.  93).  Therefore,  for 
the  solution  of  the  problem  sufficiently  determining  the  character  of 
a  change  in  increment  U»  in  voltage/stress  Un,  i.e. 

UiW-OmW  —  Uum, 

With  fulfilling  of  inequality  Um  >  U„  —  Un.  .  the  initial  total 
conduction  angle  of  tube  ®»  insignificantly  differs  from  value  of 
90°.  In  the  first  approximation,  it  is  possible  to  consider  thate*-.# 
Uom.*  —  Uo',  Un.,-0  and  the  operating  point  in  the  initial  state  with  t=0 
is  located  on  the  axis  of  abscissas. 
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Fig.  93.  Transient  curves  in  the  cathode  circuit  of  cascade/stage. 
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Although  this  mode/condit ions  for  the  low  signals  is  not  realistic, 
it  sufficiently  close  to  the  real  with  the  large  signals,  with  the 
adopted  assumption  the  solution  of  stated  problem  considerably  is 
simplified,  since  it  is  possible  to  use  relationships/ratios  known 
from  the  theory  of  diode  detection.  Error  in  quantitative  estimation 
is  insignificant,  which  is  confirmed  by  experiment. 


With  the  made  assumption  the  constant  component  of  cathode 
current  and  the  fundamental  harmonic  of  anode  current  'hi  is 


respectively  equal  to: 


pftr-form*4 

andAthe  equalities 


SJJ 

— ^-(sin8  —  8  cos  8); 
s  u 

I%i  *  *  -  (8  —  si  n  8  cos  8) 


Uh  ■■  Um  cos  8; 
U«.  r  —  Um  cos  8t; 

tR#  —  8  1 


TOT' 


(5-11!) 

(5-112) 

(5-113) 

(5-114) 

(5-115) 
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Taking  into  account  (3-35)  and  (5-11),  we  obtain 


C.$  +  £-- ^(sinO-ecosfl), 


since  in  this  case 


u‘  ~  w* 


After  the  exception/elimination  of  value 
dll'  u'  s  u 

~dT  33  “7^(s>n  9  —  8  cos  6)*  (5-116) 


Introducing  the  relative  voltage/stress 


o'. 


cos  8 


we  obtain 


u 


7 


COS  tty' 


S  -/(*). 


where 


/(*)  “  9  — 9)*— 


(5-117) 

(5-118) 

(5-119) 
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Differential  equation  (5-118)  is  led  to  the  integral  of  the  form 


‘-jm- 

which  can  be  computed  graphically. 


(5-120) 


However,  the  graphic  method  of  integration  is  very  bulky  and, 
using  it,  it  is  possible  to  obtain  only  the  particular  solutions, 
valid  only  for  assigned  parameters  C*  Integral  (5-120)  it  is 
possible  to  compute  analytically,  approximating  function  f|x|  by  the 
equation  of  the  parabola  of  the  form 
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F(z)-A(i-Bx)(t—z),  (5-121) 

vhere  A  and  B  -  the  constant  coefficients,  the  methodology  of 
determination  of  which  is  given  in  Appendix  3. 


Reduced  coordinates  (Fig.  94)  shows  family  of  curves,  calculated 
according  to  formula  (5-123),  for  slope/transconductance  £*=»4.5  ma/V 
and  three  values  of  resistor/resistance  Rm —  io  to  kiloohm;  4  kiloohm; 
1  kiloohm.  Along  the  axis  of  abscissas  the  dimensionless  quantity 
a»7t  is  deposited/postponed. 


From  the  curves,  depicted  for  Fig.  94,  it  is  possible  to  design 
the  time  of  establishment  f*,  during  which  voltage  Um  in  the  cathode 
attains  90%  of  conservative  value. 
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Fig.  94.  Family  of  curves  x«f(a)  in  the  reduced  coordinates: 

(i)  o 

JP*S  *-*«-*  atilt 

t  —  Bff  m  I  mtm. 

Key:  (1).  kiloohm. 

Page  296. 

Family  of  curves  #T  —  *(/*„),  that  shows  the  dependence  of  the  value 
of  time  b  from  value  R*  for  the  different  values  of 
capacity/capacitance  Cu,  is  given  in  Fig.  95.  From  the  curves  in  Fig. 
95  evident  that  with  an  increase  in  resistor/resistance  R*  tinier 
first  sharply  increases,  and  then  it  remains  almost  constant,  i.e., 
time  h  depends  nonlinearly  on  value  R„  With  an  increase  in 
capacitance  C«  time  b  increases  directly  proportional  to  value  cw 

Transient  processes  in  the  anode  circuit.  Calculated  curve  of 
relative  as  a  change  in  the  amplitude  of  the  fundamental  harmonic  of 
anode  current  p  —  'ri~m •  /(«)  for  flu- 4:  kiloohm  is  depicted  in  Fig.  96. 


Fig.  95.  Curves  of  dependence  of  time  of  establishment  of  video  pulse 
into  cathode  circuit  on  value  a,  and  c„. 

Key:  (1).  s.  (2).  ma/V.  (3).  pF.  (4).  kiloohm.  , 

Fig.  96.  Law  of  change  in  amplitude  of  fundamental  harmonic  of  anode 
current :  — -» -/ 1«>; 
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Using  a  method  of  the  slowly  changing  amplitudes,  we  obtain  the 
following  shortened  equation: 

+  W  -  yr(B  +  Dr-**).  ^126) 


where  b*2*y. 
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Equation  (5-126)  is  linear.  It  is  easy  to  solve  it  by 
operational  method.  We  write/record  equation  (5-126)  in  the 
operational  form 

pU  {p)  +  W  ip)  -  £(B  +  D  jltfl . 

Whence 

(5-l27) 

Through  the  tables  of  operational  calculus  we  find  original  of 
the  image 

p  («)  -  -gy  («—«-")  +  (5-,28) 

With  b»6  the  uncertainty/indeterminacy  occurs.  Using  l'Hopital's 
rule,  we  find 


(<)  •  -JJTTJ  (1  —  r-4*)  *f  TJj^  t*-*, 


(5-129) 


Fig.  97.  The  transient  responses  of  resonance  cascade/stage  on  the 
high  level  of  signal  U*6  V. 

Key :  ( 1 ) .  pF .  ( 2 ) .  s . 
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Expressions  (5-128),  (5-129)  to  more  conveniently  represent  in 
the  form  of  transient  responses  h  —  led*  to  one 

U7 

jrjk  fcf  \ 

(5-130) 

-  (1  -  e-*>)  +  §  it  <-**.  (5-131) 

Calculated  transient  responses  for  the  resonance  cascade/stage 
with  the  passband  n*4  MHz  ( 5*12.6*10* )  at  the  different  values  of 
capacitance  C „  are  depicted  in  Fig.  97a,  and  with  5*var  and  C,,»3000 
pF  *  const  -  97b.  In  both  cases  kiloohm. 
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Experimental  data  coincide  sufficiently  well  with  the  calculated 

ones. 

Selective  amplifier  with  the  two-circuit  band-pass  filter. 

Since  the  transient  processes,  which  take  place  in  the  cathode 
circuit  of  band-pass  amplifier,  have  the  same  character,  that  for  the 
tuned  amplifier,  the  problem  in  this  case  is  reduced  to  the 
determination  of  voltage/stress  on  the  coupled  circuits  with  the 
course  through  the  first  plate  circuit  of  the  current,  which  is 
changed  according  to  the  law  (5-125).  The  expressions,  which  describe 
transient  processes  under  the  influence  of  low  and  large  signals,  are 
identical.  Therefore,  let  us  lead  total  analysis. 

The  equivalent  diagram  of  cascade/stage  is  depicted  in  Fig.  91b. 
Let  us  assume  that  the  first  and  secondary  circuits  are  identical, 
i.e.,  C^C^C.  For  the  diagram,  depicted  in  Fig.  91b  we 

compile  an  equation  of  Kirchhoff 

l=i'a  +  i'0  +  rL-  (5-132) 

i;  +  C  +  <1  =  °-  (5*133) 

Furthermore , 

(5-135) 
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For  the  exception/elimination  of  value  iR,  t“R  and  we 
differentiate  equations  (5-134)  and  (5-135)  and  results  let  us 
substitute  in  differentiated  equations  (5-132)  and  (5-133).  We  will 
obtain  four  equations  with  four  unknowns 


a.  M 

dt  **  L  ~L  '  ~St  1 


L  ?•  TT- 


dt 


y,  4*u,  1  4a.  ,  a.  If  dl . 

+  7 rA+t-x’ir-a* 


4V,  1  4a,  «|  if  4ii 

c  IF  +  7F  '  H  + T~T  “3T  *  a 


(5-136) 

(5-137) 

(5-138) 

(5-139) 


In  order  to  avoid  cumbersome  calculations,  during  the  solution 
of  equations  (5-136)-(5-139)  we  apply  the  following  artificial 
reception/procedure.  We  store/add  up  and  it  is  subtracted  in  pairs 
equation  (5-136)  and  (5-137),  (5-138)  and  (5-139),  and  then  the 
results  of  the  actions  above  equations  (5-136)  and  (5-137)  we 
substitute  in  the  equations,  obtained  during  addition  and  subtraction 
of  equations  (5-138)  and  (5-139).  After  which  we  obtain 
cCS^l+^.iiL+Jt tf  +  2+3-.Ji  (5-140) 


+  +  3-S-  (5 -Ml) 

We  introduce  the  designations 


5SS-*  *“**  (CTS'Tft*"*'1 


7?mm  ~  ~  -1  “* + *•  -  *  **— 


Then  equation  (5-140)  and  (5-141):  they,  take  the  form 
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x  +  2li  +  «?*  -  £  •  g  ;  (5-142) 

&  +  28y  +  “  ■J'  '  5  *  (5-143) 

The  obtained  equations  are  the  independent  equations  of  the 
second  power,  which  it  is  easy  to  solve. 

Page  300. 

After  this  as  will  be  found  the  solutions  of  equations  (5-142)  and 
(5-143),  unknown  edge  stresses  will  be  determined  according  to  the 
formulas 

(5-144) 

“*  *■  — *  (5-145) 

The  solution  of  equations  (5-142)  and  (5-143)  with  current  i(t), 
determined  by  formula  (5-107),  leads  to  the  integrals  of  the  form 

J  cth  ater*,e/mldt, 

which  in  the  elementary  functions  are  not  taken.  In  order  to  bring 
solution  to  the  end/lead,  let  us  replace  the  function  of  hyperbolic 
cotangent  with  exponential  function.  Let  us  show  that  this 
replacement  is  possible.  The  function  is  0iv«rv 

U  -  [«'  cth  (al  +  Aroth  }}  -  £] . 

Let 'us  replace  with  its  following  function 
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where  5  -  coefficient,  which  roust  be  determined  for  the  register  of 
functions. 


With  t*0  both  functions  have  the  identical  values 


With  t»«  both  functions  also  have  the  identical  values 

-y 

For  the  register  of  functions  in  the  interval  0<t<»  let  us 
require  their  equality  at  certain  fixed/recorded  moment  of  time  at=/3 
U m  £•'  oth  ^  +  Aroth  j  —  jj- j  “  Um  £•'  +  (•  —  O  g~<*  —  jj^J » 
oth  ^  -)-  Aroth  *■  i  +  ^~r— *  1  j 


Page  301. 


Since 


that 


Whence 


oth(<p  +  <|») 


etbf  +  cU+  ’ 


t  +■  ~roU>p 
■It  +  cUiP 


j  «W>P  +  “» 

•  ;  “  T ln  etii  s  -T  ■ 


For  that  designed  earlier  an  example  we  have:  e*4.25;  e’=3.17; 


«/«'»!. 34. 
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3*ru 


Let  /3*1.  Then 


.  . .  1.313  4*  1.34  _  o  «•» 

CsslnT3l3~~  ^ 


For  checking  the  coincidence  let  us  calculate  the  functions 

fi  =■  cth  (at  +  Arcth  —  cth  {at  +  0,96); 

/,  -  1  +  (i-  — -  i  +  0,34e-*->*'. 


n 

D 

l 

ni 

a 

Li 

* 

1.34 

1,1103 

1.0405 

1.014T 

1,0054 

1,0020 

1,00076 

1 

1.34 

1,1163 

1,040 

1,0139 

1.004? 

1,0016 

1,00036 

The  greatest  difference  of  the  values  of  functions  does  not 
exceed  0.08%,  which  indicates  a  good  coincidence  of  functions  ft  and 


Thus,  the  feeding  current 

i{t)  »  Um  £•'  +  («  —  •')  *“**  —  j-j  e***'  —  D  ( t ) 

where  0«2.13a;  0(1)  4. {«_,')*-!»  — -  slowly  changing  amplitude 

Page  302. 

We  will  write  the  solution  of  equation  (5-142)  in  the  form 

x  —  A{t)e/'*, 

where  A(t)  -  the  slowly  changing  amplitude  of  oscillation. 


The  shortened  equation  takes  the  form 
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2  /“•  +  A  (toj  —  <*>#)  +  28i4/<o#  =■  -j-  Dj<av 

Taking  into  account  that  <j*  x-q2  ,*u,  ( (l/l+k)-l)»-kw2 , ,  we  obtain 


5  +  (8  +  /a)A-Af  +  ATe-*‘, 


(5-147) 


where 


a  D 

“  a 


•  M-Um^  f*)-  N  = 

,  isS  __  i  ”  “  • 


This  is  linear  the  differential  equation,  analogous  to  equation 


(5-126) . 


The  resultant  expression  for  amplitude  A(t),  found  as  a  result 
of  solving  equation  (5-147)  taking  into  account  integration  constant 
takes  the  following  form: 

A  -  rna 11  ~  e~i,+w')  +  rrfea  (&-*«) 

We  analogously  find  the  solution  of  equation  (5-143) 

B  -  jJ*g [1  _ *-<«+W]  +  pryqrjg [e-*(  - rlHWl.  (5-149) 

We  find  the  complex  amplitudes  of  edge  stresses 

6,  -  if!  -  4-  [ifjs  [1  -  +  rrs  U  -  ^‘-"'1  + . 

+ + r=TT7“  le-“-  ; 

6.  -  \  [f^B  U  -  •-0*1"}  -  rrs  u  -  *-<’-«'■  + 

+ i=ihns  i*-“  -  «-“+w'i  ~  r=hn  f"  -  • 
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After  multiplying  the  complex  amplitudes  Ux  and  U,  on  and 
after  taking  real  parts,  let  us  find  the  instantaneous  values  of  edge 
stresses 


"1  —  [»•  u-  f1  *-*‘(oosQ 1  s  sin  2:) 

]  + 

+  a‘4'(coaC*  nrj*ina<)]) 

oos  dig/;  (5-150) 

“*  -  {grqrsi  [*  —  (cos  Qt  +  sin  2/) 

]  + 

+ pfc  [»--*-*  (~  » + m  “)] 

}sin<a»£  (5-151) 

Expressions  (5-150),  (5-151)  can  be  registered  in  the  following 

form: 

iii  -£M0coscM;  (5-152) 

Ui  —  Ut(t)  sin  (■»*:,  (5-153) 

where  U^t)  and  U,(t)  -  the  slowly  varying  in  the  time  amplitudes  of 
voltages/stresses  ux  and  u,. 

Under  the  influence  of  large  signal  anode  current  7,i  is 
described  by  expression  (5-125),  which  it  is  analogous  with  function 
(5-146).  Consequently,  differential  equation  (5-147)  and  results  of 
its  solution  (5-150)  and  (5-151)  with  the  subst itution  of  the 
corresponding  values  N  and  M  are  accurate  for  the  high  signal  level. 

Of  greatest  interest  for  the  practice  is  amplitude  U,(t)  the 
voltage/stress  of  radio  pulse,  which  was  isolated  on  the  secondary 
circuit. 
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The  calculated  transient  responses  h  for  amplitude  U,(t)  are 
given  in  Pig.  98a,  b 

.  •  (5-154) 

where  uu  "  steady  amplitude  U,(t). 

For  the  comparison  of  the  results  of  research  of  transient 
processes  in  band  UPCh  with  the  results,  obtained  above,  the 
calculations  of  transient  responses  are  carried  out  for  the 
cascade/stage,  assembled  on  the  tube  6ZhlP,  with  the  cathode  resistor 
of  tube  Rm  —  4  kiloohm. 

Page  304. 

Analyzing  Figs  97  and  98,  it  is  possible  to  do  the  following 
conclusions: 

at  the  constant  value  5  (at  the  constant  value  of  the  passband 
of  cascade/stage)  with  an  increase  in  capacitance  cm  the  time  of  the 
establishment  of  the  intensive  radio  pulse  is  reduced,  and  the  value 
of  parasitic  overshoot  at  the  flat/plane  pulse  apex  sharply 
increases; 

at  the  constant  value  of  capacitance  c„  with  an  increase  in  the 
value  5  (with  the  expansion  of  the  passband  of  cascade/stage)  time 
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h  is  reduced,  and  the  value  of  overshoot  increases: 

at  the  identical  values  of  capacitance  Cu  and  5  the  parasitic 
overshoot,  which  is  formed  during  the  amplification  of  radio  pulse  in 
the  band  cascade/stage,  is  considerably  more  than  during  the 
amplification  in  the  resonance  cascade/stage  with  the  single 
duct/contour? 

both  in  the  resonance  ones  and  in  the  band  cascades/stages, 
which  work  on  the  high  levels  of  signal  um  >  I U9 1  —  | Ua. , |,  the  value  of 
capacitance  Cn  must  be  chosen  in  the  limits  of  100-200  pF.  In  this 
case  is  reached  considerable  operating  speed  of  MARU  and  the 
correction  of  the  front  of  the  intensive  radio  pulse  with  a 
comparatively  insignificant  increase  of  parasitic  overshoot. 


Ill 


'4'/ 


*  d*at 

Fig.  98.  The  transient  responses  of  band  cascade/stage  with  input 
signal  V:  a)  5-6.28*10**const;  c„=var;  1  -  Ch-O;  2  -  cH  =200  pF; 

3  -  c„ -500  pF;  4  -  c„  -1000  pF;  5  -  c«,-*ooo  pF?  b)  cB-iooopF;  5-var;  1  - 
5-6.28*10‘;  cn-*.  2  -  5-3.14*10*;  3  -  5-6.28*10*;  4  -  5-12.56*10*. 
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SELECTIVE  TRANSISTORIZED  AMPLIFIERS. 

Tuned  amplifier  with  the  single  oscillatory  circuit. 


The  special  features/peculiarities  of  transient  processes  in  the 
transistorized  amplifiers  are  caused  by  the  form  of  the  passage 
characteristic  of  transistor,  which  with  a  sufficient  degree  of 
accuracy  is  approximated  by  exponential  curve,  and  by  the  inertness 
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of  transistor.  Due  to  the  inertness  of  transistor  with  an  increase  in 
the  frequency  the  slope/transconductance  of  passage  characteristic  is 
reduced,  and,  therefore,  are  reduced  constant  component  and 
fundamental  harmonic  of  collector  (emitter)  current,  and  the  phase  of 
the  reinforced  vibrations  also  is  changed. 

Since  us  interests  the  envelope  high-frequency  oscillations,  a 
change  in  the  phase  can  be  disregarded/neglected.  A  decrease  in 
mutual  conductance  of  transistor  can  be  taken  into  account  with  the 
multiplication  of  the  amplitude  of  the  collector  current  by  the 
frequency  factor  m(2-95). 

* 

In  the  transistor  amplifier,  as  in  the  electron-tube,  transient 
processes  it  is  expedient  to  first  consider  in  the  emitter  circuit 
(in  the  common-emitter  connection),  and  then  in  the  collector.  The 
possibility  of  separate  analysis  is  caused  by  the  fact  that  output 
characteristics  of  transistor  according  to  the  character  are  similar 
to  the  plate  characteristics  of  pentode.  During  the  selection  of  the 
corresponding  mode/conditions  of  the  work  of  transistor  it  is 
possible  to  consider  that  the  transient  processes  in  the  emitter 
circuit  (in  common-emitter  connection,  Fig.  54c)  little  depend  on 
transient  processes  in  the  circuit  of  collector/receptacle. 

Under  the  influence  on  the  input  of  the  transistor  cascade/stage 
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of  voltage  surge  of  the  radio  frequency  (we  consider  that  is  the 
source  of  signal  the  voltage  generator  with  an  internal 
resistor/resistance  of  Rr  —  0)in  the  emitter  circuit  appears  the  jump 
of  the  constant  component  of  emitter  current  /,.„(*)  with  rise  time 
caused  by  the  inertness  of  transistor, 
approximately/exemplarily ,  equal  to  one  fourth  of  period  T  of 
high-frequency  oscillations.  In  comparison  with  the  time  of  a  change 
in  the  envelope  high-frequency  oscillations  —  o  is  possible  to  take 
and  to  consider  that  in  the  emitter  circuit  the  instantaneous  jump  of 
current  /«.»  occurs  whose  value  is  determined  by  expression  (3-49). 

For  the  emitter  circuit  of  diagram  in  Fig.  54c  it  is  possible  to 
register  the  following  equation  of  Kirchhoff: 

U  «(<)-/*  (<>  +  /.<<>• 

Page  306. 

If  for  /*. a  we  take  expression  (3-49),  then  the  equation,  which 
describes  transient  processes  in  the  emitter  circuit,  is 
transcendental  and  can  be  solved  only  graphically.  For  the  analysis 
of  transient  processes  we  use  an  approximation  for  I*.a  taking  into 
account  expression  (3-55)  • 

I*,  a  ■*  iJ^^(7^  +  +  in  *  —  7#»),  (5-150) 

(  R,  in  Fig.  54c);  Ut~U. 


where 


X 
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Then  equation  (5-155)  can  be  registered 


or 


where 


fi.  +  £•_/ 

-jT  t  tt  '»•  a» 


4U.  „  7* +  0.88  + In  a 

~ST  +  “  **  f+<53  '• 


1  +  o.«  1  +  1,88  7 

*'--H?r=a-wr‘ 


(5-157) 


Equation  (5-157),  which  describes  transient  processes  in  the 
emitter  circuit,  is  linear.  The  solution  of  equation  (5-157)  after 
the  substitution  of  integration  constant  takes  the  form: 


rr  TS  +  0,68  +  la  *  In  /« 

v#="  7+o3  *  7  +  W  • 

In  the  beginning  of  the  effect  of 


(5-158) 

input  voltage  with 


t»0 


where 


U< 


§.  ■ 


7fi+0,68  +  la*» 

7+0.8 


**  » 


(5-159) 


In  the  steady-state  mode/conditions  with  t-*<» 

rr  .  7®  +  0,68+ln  *  ,c  41M1 

7  —  J - - •  (5-100) 

On  the  basis  of  expressions  (5-158)  -(5-160)  it  is  possible  to 
record 


7  -  e-**  {U'.j  —  U,. .),  (5-101) 

ot  O—O 

*•-7 r-rr-d-r*^).  (5-102) 

y  vi.i 
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Thus,  the  constant  voltage  U*  in  the  emitter  circuit  of 
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transistor  under  the  influence  of  the  jump  of  radio  frequency  voltage 
is  changed  in  the  time  exponentially  with  the  time  constant  t,  —  — , 
determined  by  the  values  of  elements/cells  and  c 


Similarly,  it  is  possible  to  find  the  law  of  a  change  in  the 
bias  voltage  of  the  transistor 

0,66—0,68  —  In* 

or  ff-tO - T+oS - +  *~,,-7+W  (W63) 

U».o(t)  U%. «. 7  +  {U*6. ■  —  U%. a.  j)>  (8-164) 


Taking  into  account  expression  (3-50)  for  the  fundamental 
harmonic  of  collector  current,  we  write/record  the  differential 
equation,  which  describes  transient  processes  in  the  collector 
circuit 

(6-ies) 

where 

N-  A^o2Ix^Um). 

The  shortened  equation  takes  the  form: 

Solution  of  this  equation 

U  -  «-«'  [c  +  J  exp  (Cr-V)  ,  (5-167) 

where  a  -  An2Ix  (7 UJ  «p  (j»  (0,6 E  —  0,68  —  In  *)); 

C-i*ln/,(7 UJ; 


If  we  into  the  integral,  entering  expression  (5-167),  substitute 


1.  n»l  (8 —  a.) 

u  (0  -  vrr  lEl  <0  ~Ei  <C*)J  +  *'  «p  to)  -  «p  <V  (5-169) 

***Qr9 

With  t-*»  conservative  value  of  the  voltage/stress 

^-^(l-O-  (5-170) 

Then  the  transient  response 

h  -  -  «-*'  (1  -  «<rl  (C  1*1  (C)  -  Ei  (Cv)i  +  W  -  S).  (5-171) 

_ 

2 .  n»2  (a,  «■ 

(0  -  jpA-e-HC*  1*1  (C)  -  £<  (Ci/))  +  «'«'(!/-*+  Ci/~‘)  -  «<  (1  +0). 

(5-172) 

With  t-*<* 

Then 


hit)  -  *-«<  (1  - 1  (1  +  C)rl  (C«  [El  (C)  -  El  (Ci/))  + 

'  +e<»(y-«  +  Ci/-i)-«<(l +0).  (5-173) 
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3.  n-3  («.  -  4) 

U  (t)  -  r**  (C»  [Ei  (C)  -  Ei  (Cy)] + 

+att  (y-*  +  CiT*  +  C'iTl)  -  «« (1  +  C  +  C*)V  (5-174) 

With  t-»*» 

£7,  =  - j^ll-^i  +  C  +  C*)); 

A  (0  «  r«  U  —  *  (1 V  C  +  C1)!-1  (C«  [Ei  (C)  —  Ei  (Cy)l  + 

4-  (iT*  +  CiT*  +  C’tT1)  — «« (1  +  C  +  Ca)>;  (5-175) 


Page  309. 

4 .  n»m  (*•■“—)  __  _ 

V  (0  r*  (C*  [El  (0  - 

—  £1  (Cy)]  +  *»J[  C mmm*r4  —  «*  (WTO) 

With  t-*» 

A  (I)  -  r*  [l  -  J^yT  (Cm  [El  (0  -  El  (Cy)l  + 

+  e*  S  C— xir 4  -  •*  s'  c4} .  (5-177) 

t-i  *-• 

With  the  help  of  the  resulting  expressions  it  is  possible  to 
sufficiently  accurately  calculate  transient  responses  for  different 
input  signal  level.  However,  these  expressions  are  somewhat  bulky  and 
it  is  expedient  to  use  them  for  a  precise  calculation  of  transient 
responses  in  the  electronic  computers.  For  the  rough  estimate  of  the 
character  of  transient  processes  it  is  possible,  to  use  approximate 
solution,  which  we  find  as  follows.  We  write/record  expression 
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(5-167)  in  the  following  form 

U  «  +  ^  £«*•«**  dt\m  (5-178) 

We  expand  function  in  series/row  and  are  limited  by  two 
members.  After  determination  and  substitution  of  integration  constant 
U  -  Afl0  [i  —  (**“••'  —  «-*),  (5-179) 


where 


X- 


r* 


Since  7»1,  it  is  possible  to  take  y®  1.  Let  us  consider  several 
particular  solutions  for  the  series/row  of  values  x. 


1.  *»0 

U  (t)  -  ABo  (1  -  r*1)  (C  +  IV  (&*180> 

Page  310. 


With  t-»* 

*■  A7?o(C  4-  1). 

Then 

fc(<)-(l -«"*')•  (5-181) 

2.  0<x<l.  For  the  present  instance  formula  (5-179)  is  real.  With 

Uj  -  Art* 


Then 


h  (t)  -  1  —  e-41  +  y&i  (e~V  —  e~u). 


(5-182) 


3.  x*l.  In  this  case  is  obtained  the  uncertainty/indeterminacy 
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of  form  %,  pointing  out  which  according  to  l'Hopital's  rule,  we 
obtain 

h  (t)  =  1  —  +  (.Ate-*1.  (5-183) 

4.  X>1 

A  (I)  -  1  -  e~*'  j4ri  («“*•'  —  «-*<).  (5-184) 

The  transient  responses,  calculated  by  formulas  (5-181)-(5-183) , 
have  much  the  same  character  as  transient  responses  for  the 
vacuum-tube  amplifier.  Difference  is  in  the  fact  that  the  overshoot 
at  the  flat/plane  pulse  apex  appears  on  the  lower  level  of  the  input 
voltage  of  signal.  The  most  optimum  relationship/ratio  is  f  with 

which  the  adjustment  is  realized  virtually  on  the  envelope  of 
impulse/momentum/pulse ^tnd  overshoot  in  entire  dynamic  range  up  to 
the  entrance  of  transistor  into  the  mode/conditions  of  limitation 
does  not  exceed  15-20%. 

In  this  case 

on t  *  ( 1  ■+■  1  tSOf ). 

For  the  band-pass  amplifier  with  the  two-circuit  filter  the 
transient  responses  are  analogous  to  the  transient  responses  of 
vacuum-tube  amplifier  with  the  same  difference,  as  for  the  tuned 
amplifier. 


Page  311. 
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Inertial  UP. 


Due  to  the  inertial  properties  of  transistor  with  an  increase  in 
the  frequency  an  increment  in  the  constant  component  of  emitter 
current  and  amplitude  of  the  first  harmonic  of  collector  current  is 
reduced.  Because  of  this  the  character  of  transient  processes  it  is 
changed  with  an  increase  in  the  frequency  of  the  reinforced  signals. 


On  the  basis  of  materials  Chapter  3  it  is  possible  to 
demonstrate  that  the  voltage/stress  between  the  emitter  and  the  base 
taking  into  account  the  inertial  properties  of  the  transistor 


t  v-u  +  i**. 


(5-185) 


For  the  exception/elimination  of  transcendence  we  use 
approximate  solution  (5-156).  Then  the  dc  current  component  of  the 
emitter 


7*  +  la  »  +  0,88  -  0.6  (O,  -  u)  (-1  - 1)  -  -fff, 

nan  * 


0.8/f, 


(5-186) 


Substituting  expression  (5-186)  in  (5-155)  and  solving  obtained 
equation  u,~(t),  we  obtain  the  following  expression,  which  describes 
transient  processes  in  the  emitter  circuit 

U%  (0  -  U,  -  (5-187) 
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T£  +  0,«8+lD^,J»,/.(Tam)  +  0l6^|,,/-l-l)  I 
U,  - - to - -  ; 


JL+jl 

;  A^»“ar— 


(5-188) 


~  +  T 


For  determining  the  expression,  which  describes  transient 
processes  in  the  collector  circuit,  we  will  use  solution  (5-167). 
Taking  into  account  equation  (5-186),  after  conversions  we  obtain  the 
following  expression  for  the  transient  response 

h(t)  -  (l  -*-*«)  +  (5-189) 

where 


— ln/«(T^m):  * 

7ir  +  7T 
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On  the  basis  of  calculations  and  experimental  research  it  is 
established/installed,  that  the  inertial  properties  of  transistor 
differently  affect  the  character  of  the  transient  processes,  which 
take  place  in  the  emitter  and  collector  circuits,.  The  inertness  of 
transistor  in  the  larger  measure  affects  transient  processes  in  the 
collector  and  in  smaller  -  to  the  transient  processes  in  the  emitter 
circuit.  From  expressions  (5-188)  it  is  evident  that  with  fulfilling 
of  inequality  7>>0.6/m  by  the  indicated  effect  on  the  transient 
processes  in  the  emitter  circuit  it  is  possible  to  disregard.  . 
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With  an  increase  in  the  signal  frequency  coefficient  m  is 
reduced.  Because  of  this  the  time  of  the  establishment  of  transient 
response  increases  and  parasitic  overshoot  is  reduced  at  the 
apex/vertex  of  radio  pulse. 
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Chapter  6. 

Calculation,  tun ing4BH(pOl  adjustment  of  functional  amplifiers. 

S  1.  Calculation  of  logarithmic  amplifier  with  the  nonlinear 
elements/cells . 

In  the  present  chapter  are  given  a  methodology  and  examples  of 
the  calculation  of  the  most  widely  used  types  of  functional 
amplifiers  -  the  logarithmic  amplifiers,  made  on  the  tubes  and  the 
transistors.  Other  types  of  functional  amplifiers  can  be  calculated, 
using  a  material  of  the  previous  chapters  and  the  given 
methodologies. 

The  order  of  calculation  of  functional  amplifiers  does  not 
depend  on  the  type  of  amplifier  instrument.  Therefore  the 
methodologies  given  below  are  general/common/total  for  the  amplifiers 
on  the  tubes  and  on  the  transistors. 
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For  calculating  the  amplifier  with  FAKh  must  be  assigned  the 
fundamental  parameters,  enumerated  in  S  3  of  Chapter  1.  Amplifier 
independent  of  type  and  method  of  its  realization,  they  calculate 
into  two  stages: 

1.  Selection  of  diagram  and  the  calculation  of  amplifier  in  the 
linear  conditions  according  to  the  given  values  of  the  factor  of 
amplification  R0 ,  passband  n  and  frequency  of  the  reinforced  f0.  As  a 
result  of  calculation  they  must  be  determined:  a  quantity  of 
cascades/stages  n,  the  factor  of  amplification  of  one  cascade/stage  K 

noise  voltage  on  the  output  of  amplifier  and  value  of  the  network 
elements,  which  ensure  linear  conditions  of  the  work  of  amplifier. 

2.  Calculation  of  network  elements,  which  ensure  realization  of 
FAKh  in  amplifier. 

The  order  of  calculation  of  aperiodic,  resonance  and  band-pass 
amplifiers  to  LAKh  is  identical.  The  calculation  of  tuned  amplifier 
is  performed  employing  the  following  procedure. 

1.  Input  and  output  voltage  of  cascade/stage  is  determined,  with 


which  it  must  begin  with  its  LAKh, 
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a«x.  ■  ■*  Ua*. 

u**u.  ■  "  Mm.  *AT*  "  C^k. 


JCl 


(6-1) 

(6-2) 
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2.  Required  number  of  nonlinear  cascades/stages  is  determined, 
if  coefficient  K0  considerably  exceeds  dynamic  range,  then  there  is 
no  need  for  making  all  cascades/stages  with  nonlinear  ones.  Quantity 
of  nonlinear  cascades/stages  with  the  successive  work  taking  into 
account  condition  (1-76),  obviously, 

Di  mi  D,. 


j 

•fall 


(«) 


k - •  (6-3) 

(M)  *■(«) 


3.  Basis  of  logarithmic  signal  N  (or  coefficient  a=ti^v) 
determined. 


If  the  dynamic  ranges  D  and  D,*».  are  assigned  then  according  to 
expression  (1-44) 

n  _ j 

(6-4) 


a-  ■  nnr* 


If  slope/transconductance  a  and  voltage/stress  is  assigned 

then  according  to  formula  (1-42) 


.f-J 

L*«"J 

itr. 


(0-5) 


If  a»l,  all  nonlinear  cascades/stages  are  performed  by  identical 
ones.  If  Spe* 1.  in  the  latter/last  cascade/stage  it  is  necessary  to 


\ 
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ensure  amplitude  characteristic  with  a,»c,  *i,  and  in  all  rest,  which 
precede  the  latter,  mode/conditions  with  a»l. 

4.  If  amplifier  instrument  is  linear,  then  according  to  formula 

(2-115)  or  (2-116)  taking  into  account  (1-30)  and  (1-31)  is 
calculated  required  dependence  of  change  in  conductivity  gma. o  =  (^iw.«) 
or  resisting  f(Uma.e)  nonlinear  element/cell.  In  this  case,  the 

calculation  is  performed  for  the  linear  conditions  with  the  change 
0£z<l,  logarithmic  -  when  l  <t<  d  quasi-1  inear  -  when 

d<t<ztn  =»  (a  In  d,  where  i  -  the  reference  number  of  nonlinear 
cascade/stage. 

If  amplifier  instrument  nonlinear,  it  is  possible  to  calculate 
dependence  £■«,. 0  =■  / (*/««,. «),  using  formula  (2-126) 

guu.  c  -  (*)  -  l]  -  gml*  {S)<?  (*)  —11.  I0-8) 

or  volt-ampere  characteristic  of  nonlinear  element/cell,  using 
formula  (2-127). 

Page  315. 

5.  Is  chosen  nonlinear  element/cell,  usually  semiconductor 
diode,  which  satisfies  following  requirements:  slope/transconductance 
of  volt-ampere  characteristic  of  diode  must  be  large  with  small 
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voltages  on  diode?  stray  capacitance  of  diode  and  volumetric  strength 
of  materials  of  diode  must  be  small. 

6.  For  different  values  of  cutoff  voltage  for  diode  U ,  from 
volt-ampere  characteristic  of  diode  by  method  of  five  or  more  than 
ordinates  [36]  is  designed  family  of  real  curves  of  dependence  of 
conductivity  (resistor/resistance)  of  diode  on  applied  to  it  sine 
voltage 

7.  Curves  g^.0  —  HUm^o)  and  are  combined.  If  required 

curve  gma.a*  t(Uma.a)  coincides  not  with  one  of  curves  g^  p  *»  ? (U J,  is 
adapted/hurried  one  of  nearest  curves  gmtn. P  —  9(Um)  by  an  increase  in 
the  number  of  in  parallel  connected  nonlinear  elements/cells  and  by 
inclusion/connection  consecutively/serially  or  in  parallel  with  the 
nonlinear  element  of  active  linear  resistor/resistance. 

Example  of  calculation.  To  calculate  logarithmic  UPCh  with  the 
single  resonant  circuits,  if  are  assigned  the  following  technical 
specifications:  passband  /i-i  MHz;  amplification  factor  in  linear 
conditions  K,«104;  resonance  frequency  f,-30  MHz;  dynamic  range  of 
LARh  D-80  dB;  the  s.lope/transconductance  of  LAKh  0.2  V/Np? 

*  2  •  1°»  V. 

The  1st  stage.  We  choose  c  tube  of  the  type  6Zh5P.  Let  us  assume 
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that  as  a  result  of  calculating  the  amplifier  in  the  linear 
conditions  are  acquired  following  data:  n*4;  *„=«io. 

The  2nd  stage. 


1.  We  determine  voltages/stresses  and 

/,  —  2  ■  10-*  •  10  —  0,2  t. 


Key:  (1).  V. 


2.  We  determine  number  of  nonlinear  cascades/stages: 


3.  We  determine  coefficient  of  a: 


Thus,  all  nonlinear  cascades/stages  must  be  identical. 

4.  We  determine  maximum  input  voltage  on  input  of  latter/last 
(4th)  nonlinear  cascade/stage 


*n.MM  1(1—  l)lnd+  1]  ™  10 •  0,02 [(4  —  l)ln  10-f- 1|  ■■  1,58  V. 
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During  the  appropriate  selection  of  the  mode  of  operation  of 
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tube  it  is  possible  to  count  its  characteristic  of  linear. 

5.  We  choose  the  method  of  shunting  of  plate  load  of 

cascade/stage  by  nonlinear  element/cell  (Fig.  99).  According  to 
formula  (2-16)  taking  into  account  (1-30)  and  (1-31)  we  calculate  and 
plot  a  curve  *  —  /(Q^.  J  for  the  fourth  nonlinear  cascade/stage.  The 
designed  curve  as  prime  is  depicted  in  Fig.  100.  For  the  remaining 
nonlinear  cascades/stages  curves  will  be  the  same,  but 

finished  with  the  voltages/stresses 

uum.  *.  i  “  +  *)• 

6.  As  nonlinear  element/cell  we  choose  semiconductor  diode  of 
type  D*Zh.  From  the  method  of  five  ordinates  we  calculate  real  curves 

Rmm.  for  the  different  values  of  cutoff  voltage  i/„  on  the  diodes 

and  we  represent  as  unbroken  curves  in  Fig.  100.  From  this  figure  it 
is  evident  that  the  curve  of  the  required  law  of  a  change  of 
resisting  the  nonlinear  element/cell  c)  sufficiently  it 

coincides  precisely  with  the  curve  of  a  true  change  of  resisting  the 

nonlinear  elemert/cell  a _ t(P.j  when  tf.- 0,25V  in  the  range  of 

voltages/stresses  0.25-0.8  V,  and  then  these  curves  diverge.  The 
disagreement  of  curves  can  be  reduced  by  the  inclusion/connection 
consecutively/serially  with  the  nonlinear  element  cl  supplementary 
linear  resistor/resistance  fla-ioo  ohm,  which  is  equal  to  a 
difference  in  resistors/resistances  ^  0 - 21a  ohm  and  ^ p-ioo  ohm 
when  a, -0,25  V  at  point  v. 
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It  is  expedient  to  take  supplementary  resistors/resistances 
for  different  nonlinear  cascades/stages  by  different  ones.  The  values 
of  these  resistors/resistances  it  is  necessary  to  find  as  a 
difference  in  resistors/resistances  .  and  /»_„  found  from  curves 

ttra.  p  ivejs*  c 

Rwt*. o * c)  and  at  voltages/stresses  u ,**.*.  of  those 

corresponding  to  the  end/lead  of  LAKh  of  amplifier.  In  this  case 
voltages/stresses  ..  with  which  it  is  necessary  to  find  values  of 
Ra  for  different  nonlinear  cascades/stages,  are  given  in  Table  12. 
The  values  of  supplementary  resistors/resistances,  found  with  the 
method  indicated,  are  given  in  Table  13,  from  which  it  is  evident 
that  for  the  first  nonlinear  cascade/stage  resistor/resistance  o, 
and  for  the  rest  -  it  virtually  one  and  the  same. 
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Table  12. 

«  tait 

0,68  j  1,12  1,38  2,04 

Key:  (1).  V. 

Table  13. 

t  tiit 

OM  0  87  00  04 

Key:  (1).  ohm. 

Page  317. 

Supplementary  resistors/resistances  it  is  expedient  to  use  for 
the  creation  on  them  of  those  locking  nonlinear  elements  of 
voltages/stresses  ut. 

The  points  of  the  passage  of  the  curve  of  a  change  of  resisting 
the  nonlinear  element/cell  with  a  series-connected  supplementary 
resistor/resistance  of  afl-ioo  ohm  are  shown  in  Fig.  100.  The  points 
of  curve  r^  p+ioowi-t  (0J  coincide  sufficiently  well  with  required 
curve  &**<>- flumn.o )  in  entire  range  of  the  output  voltage/stress  of 
latter/last  nonlinear  cascade/stage.  Because  of  this  it  is  possible 
to  obtain  AKh  cascade/stage,  the  ensuring  successive  work  of  all  five 
cascades/stages  and  precise  LAKh  of  UPCh. 


Fig.  99.  Schematic  diagram  of  logarithmic  tuned  amplifier  with  the 
nonlinear  elements/cells  in  the  anode  circuits  of  cascades/stages. 
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7.  From  formulas,  given  in  Table  3,  we  calculate  that  required 
AKh  of  nonlinear  cascade/stage  (dashed  curve  in  Fig.  101). 

According  to  general  formula  (2-11)  with  the  use  by  curve 
a^p+ioo  ohm we  calculate  the  real  AKh  of  latter/last 
(fourth)  nonlinear  cascade/stage.  The  calculation  points  of  real 
amplitude  characteristic  are  replaced  in  Fig.  101  and  they  coincide 
sufficiently  well  with  the  required  characteristic.  For  the  remaining 
nonlinear  cascades/stages  real  AKh~wTll  have  the  same  or  even  smaller 
divergences  from  the  required  characteristic,  since  curves 

for  these  cascades/stages  will  more  coincide  precisely 

with  required  curve  h _ _ nu _ j.  Therefore  for  the  calculation  by  the 

general/common/total  AKh  of  amplifier  it  is  possible  to  use  an 
amplitude  characteristic,  only  latter/last  nonlinear  cascade/stage. 

8.  From  formula  (1-34)  we  calculate  precise  LAKh  (solid  line  in 
Fig.  102)  of  four-stage  amplifier. 
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Fig.  101. 


Fig.  102. 


Fig.  101.  Calculated  and  real  amplitude  characteristics  of  fourth 
nonlinear  cascade/stage  of  logarithmic  amplifier. 

Key :  ( 1 ) .  V  . 

Fig.  102.  Calculated  and  real  amplitude  cl.aracteristics  of  four-stage 
logarithmic  tuned  amplifier. 

Key:  (1) .  V  . 

Page  319. 


From  the  real  amplitude  characteristics  of  nonlinear 
cascades/stages  (in  particular,  on  AKh  the  fourth  nonlinear 
cascade/stage,  depicted  for  Fig.  101)  we  design  and  construct 
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logarithmic  amplitude  characteristic  UPCh,  which  consists  of  four 
nonlinear  cascades/stages.  The  calculation  points  of  true  LAKh  of 
UPCh  are  shown  in  Pig.  102.  From  the  curves  in  Fig.  102,  we  see  that 
real  AKh  in  entire  logarithmic  range  80  dB  differs  from  accurately 
logarithmic  not  more  than  to  3-4%. 

With  an  example  of  the  calculation  of  logarithmic  video 
amplifier  with  the  nonlinear  feedback  according  to  the  cathode 
circuit  it  is  possible  to  be  introduced  in  work  [7]. 

S  2.  Calculation  of  functional  (logarithmic)  amplifier  with  ARU 
according  to  the  pentode  grids  of  tubes. 

For  the  amplifiers  with  ARU  on  the  pentode  grid,  naturally,  can 
be  used  the  tubes,  which  have  conclusion  on  the  pentode  grid.  They 
include  the  pentodes  of  the  type  SZhlB,  6Zh2P,  6Zh4,  6Zh5B,  6Zh5P, 
6Zh9P,  6P9  and  so  forth. 

The  distortions  in  the  amplitude  in  the  amplifier  with  the 
larger  signals  the  less,  the  greater  the  extent  of  the  grid-plate 
characteristic  in  the  region  of  negative  voltages/stresses  on  control 
electrode.  From  this  point  of  view  to  the  more  advantageous  side 
differ  the  tubes  of  .the  type.6P9,  then  -  6Zh4,  6Zh5B,  6Zh6P.  In  the 
tubes  with  the  large  slope/transconductance  of  the  type  6Zh9P,  SZhlOP 
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and  so  forth  the  characteristic  of  tube  is  shorter,  what  is 
def iciency/lack. 

During  the  design  of  amplifiers  it  is  necessary  to  remember  that 
the  effect  of  adjustment  the  higher,  the  greater  the  cascades/stages 
included  by  adjustment. 


Example  of  calculation.  To  calculate  the  schematic  of 
logarithmic  amplifier  with  ARU  from  the  pentode  grids  of  tubes,  if 
are  assigned  the  following  parameters:  K,*10*;  MHz;  f„*30  MHz; 

A**-80  dB.  Logarithmic  operation  of  signal  according  to  the  law  of 
natural  logarithm,  i.e.,  N»2.7(a«l). 

The  1st  stage.  As  a  result  of  calculation  are  known  following 
data:  the  type  of  tube  6Zh9P;  the  factor  of  amplification  of 
cascade/stage  with  the  work  in  linear  conditions  jc„  —  to;  a  number  of 
cascades/stages  n»5;  voltage/stress  on  tubes  i  y. 

The  2nd  stage.  1.  We  choose  diagram  with  one  regulator  (Fig. 

45d) . 


2.  According  to  characteristics  of  tube  6Zh9P  when  0B-— *>  v 

(Fig.  47b)  .we  determine  maximum  permissible  signal  amplitude  at  input 
of  latter/last  cascade/stage.  Taking  into  account  that  the  maximum 
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controlling  voltage/stress,  which  enters  pentode  grid  uv  there  will  be 
on  the  order  of  80-100  V,  maximum  amplitude  um  can  be  taken  order  2  V. 
We  accept  «-«»,,*»<»>-*  v. 

Page  320. 

3.  Using  formula  (3-77),  we  calculate  curve  of  dependence 

with  change  X  from  1  to  10 4 .  Calculated  curve  1  is  shown  in 
Fig.  103.  From  the  figure  one  can  see  that  tj  it  varies  from  0  to 
0.75.  U,  -  voltage/stress  of  the  triggering/opening  of  tube  on  the 
pentode  grid  when  ueum‘—i  v. 

4.  We  determine  minimum  value  of  factor  of  amplification  of 
cascades/stages  at  the  end  of  dynamic  range  of  LAKh,  i.e.,  at  the  end 
of  control 

5 “  i°  Yw  “  2-5- 

5.  We  determine  maximum  output  voltage/stress  uw  which 
corresponds  to  end/lead  of  LAKh, 

Un*x.  n  “  “m*.  mm  (i)  *  “•*.  mm  {#)  *  2  •  2.S  *■  5  V . 


6.  We  determine  voltage/stress  u, 


with  which  begins  with  LAKh, 
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Along  the  axis  of  abscissas  (Fig.  103)  we  plot/deposit  the 
output  voltage/stress  of  amplifier,  which  is  the  input  voltage  of 
regulator. 


7.  We  choose  diagram,  which  must  manufacture  controlling 
voltage/stress,  which  is  changed  according  to  the  law  Tj*f(Z)  (Fig. 
103).  Zaks'  that  required  tj"f(Z)  can  be  realized,  if  to  the  input  of 
a  tube  of  the  type  6N9S  when  v,- 300  V  the  bias  voltage  vclI-— 1  V. 
(Fig.  104)  to  supply  from  the  output  of  amplifier  negative 
voltage/stress  with  the  transmission  factor  of  detector  fca-o,70,  on 
which  is  fed  the  retarding  voltage/stress  o.s  V.  Value  *„  is 

selected  during  the  comparison  of  curve  77—f  ( Z )'  with  the  grid-plate 
characteristic. 
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Fig.  103.  Fig.  104. 

Fig.  103.  Curves  of  dependence  ^*  =./(*)  for  five-stage  amplifier  with 
ARU  on  pentode  grid. 

Key:  (1).  V. 

Fig.  104.  Grid-plate  characteristic  6N9S  when  t/a-300  V. 

Key:  (1).  mA.  (2).  V. 

Page  321. 

Fig.  103  shows  realizable  law  tj P-?(Z)  with  the  help  of  the  tube 
6N9S  by  points  and  it  coincides  sufficiently  well  with  that  required 

Certain  difference  in  the  required  and  realizable  curves  Tj»f(Z) 
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is  observed  in  the  beginning  of  the  range  of  adjustment.  However, 
this  difference  is  easily  removed  by  the  selection  of  the 
corresponding  mode/conditions  of  the  work  of  the  second  amplifier  of 
the  regulator,  which  must  manufacture  the  desired  value  of  the 
controlling  voltage/stress. 

9.  We  determine  voltage/stress  of  triggering/opening  of  tube 
6Zh9P  on  pentode  grid  U, .  For  this  from  the  characteristics,  depicted 
for  Fig.  47,  we  design  and  construct  the  dependence  of  the 
slope/transconductance  of  tube  on  the  voltage/stress  on  pentode  grid 

s-/(0„)  with  different  bias  voltages  0*.  (Fig.  105).  For  selected 
mode/conditions  0,*-— i  v  straight  line  s-/(0n)  we  continue  before 

the  intersection  with  the  axis  of  abscissas  and  we  find  U,«-107  V  . 

We  accept  U,*(-110  v). 

10.  We  determine  maximum  controlling  voltage/stress  0p.-,IW).  which 
it  must  manufacture  regulator 

-  0,75  ilO-83  V. 

Thus  regulator  must  consist  of  detector  with  the  transmission 
factor  0.70.  on  the  preamplifier,  which  ensures  the  required  law  of  a 
change  in  the  controlling  voltage/stress,  and  the  fundamental 
amplifier,  which  ensures  the  required  stress  level  0P. 
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11.  For  purpose  of  uniformity  for  fundamental  (second)  amplifier 
of  regulator  we  choose  tube  of  type  6Zh9P.  We  accept  the  following 
mode  of  operation  of  tube  (Fig.  47b);  2  V  ;  —  2  mA  (tubes 

L,  in  Fig.  60)  . 


12.  We  are  assigned  by  amplitude  of  change  in  anode  current 
a/'-22  mA,  which  corresponds  to  change  in  voltage  on  input  -1,5  V  . 


13.  We  determine  anodic  lamp  resistance  of  fundamental  amplifier 
4  in  Fig.  6t)> . 


i»u- 


2TTJF* "  4 ' 10*  ohm« 


According  to  GOST  we  choose  a^-3.9  kiloohm. 


14.  We  determine  anodic  lamp  resistance  of  preliminary  (first) 
amplifier.  Since  the  tube  6N9S  is  twin  triode,  we  connect  in  parallel 
both  triodes.  Then  a  maximum  change  in  the  anode  current  of  the  tube 
of  the  first  amplifier  according  to  Fig.  104 


Ml  m  to,6  mA . 
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Fig.  105.  Curves  of  the  dependence  of  the  slope/transconductance  of 
tube  6Zh9P  on  the  voltage/stress  on  the  pentode  grid. 


Key:  (1).  V.  (2).  mA/V. 


Page  322. 


Required  anodic  resistor/resistance  (RSi  in  Fig.  60) 


H. 


at 


1.5 

10.0  10"  • 


140  ohm. 


According  to  GOST  we  choose  ru  - ntl - tso  ohm. 


The  required  nonlinearity  of  dependence  ;j-f(Z)  in  the  beginning 
of  adjustment  (Fig.  103),  as  it  is  not  difficult  to  see  from  the 
curves  on  (Fig.  47b),  is  obtained  due  to  the  nonlinearity  of  the 
grid-plate  characteristic  6Zh9P  of  the  second  amplifier. 


DOC  «  83138017 


PAGE 

For  obtaining  the  stable  work  of  the  second  amplifier  of 
regulator  the  voltage/stress  on  the  screen  grid  of  the  tube  of  this 
amplifier  is  given  from  resistor/resistance  of  R«,,  over  which  the 
constant  component  of  the  cathode  current  of  all  tubes  of  amplifier 
stages  flows/occurs/lasts.  Since  the  cathode  currents  of  tubes  are 
constant  (Fig.  47a),  the  voltage/stress,  which  is  isolated  on 
resistor/resistance  of  R*,,  is  also  constant. 

The  potentials  of  the  cathodes  of  the  tubes  of  amplifier  stages 
and  anode  of  the  tube  of  the  second  regulator  (L,  in  Fig.  60)  are 
equal  to  each  other,  owing  to  which  is  provided  zero  potential  on  the 
pentode  grids  of  the  tubes  of  amplifier  stages. 

After  the  admission  of  the  controlling  voltage  on  the  input  of 
regulator  the  anode  current  of  tube  Lt  increases  according  to  the  law 
rj»f(Z)  and  the  potential  of  the  pentode  grids  of  tubes  UK  is  reduced 
according  to  the  same  law.  As  a  result  the  necessary  gain  control  in 
cascades/stages  and  LAKh  of  multistage  amplifier  is  realized. 

The  experimental  amplifier,  made  on  the  diagram  in  Fig.  60,  had 
data,  indicated  into  S  2,  Chapter  3.  The  real  characteristic  was 
somewhat  different  from  the  calculated  to  the  smaller  side  at  the  end 
of  the  adjustment.  This  is  explained  by  certain  overloading  of 
latter/last  cascade/stage. 
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S  3.  Calculation  of  logarithmic  transistorized  amplifier  with  the 
addition  of  the  detected  voltages/stresses. 

The  calculation  of  logarithmic  amplifier  in  this  case  is 
produced  into  two  stages.  During  the  selection  of  amplifier  circuit 
it  is  necessary  to  be  guided  by  the  following: 

transistors  in  amplifier  stages  must  work  without  the 
overloading; 

diagram  must  be  simple  in  the  tun ing/^d jus ting  in  the 
implementation  of  LAKh  of  high  accuracy; 

the  recurrence  of  the  parameters  of  amplifiers  from  one  copy  to 
the  next  must  be  good. 

To  the  greatest  extent  the  diagram  in  Fig.  71,  described  in 
Chapter  4,  satisfies  these  requirements.  Let  us  consider  the 
calculation  of  this  diagram. 


Page  323. 
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Example  of  calculation.  To  calculate  logarithmic  UPCh  with  the 
video  output,  whose  diagram  is  depicted  in  Fig.  71,  if  are  assigned 
the  following  parameters:  K,=3*104;  fo=30  MHz;  MHz;  dB; 

a»120  mV/dB. 

1- stage.  As  a  resutl  of  the  calculation,  known  are  the  following 
data  necessary  for  calculation  of  the  aplifier  in  the  nonlinear  mode: 
type  of  transistor  -  P417;  operating  mode  of  the  transistor  /tn> „  *4 
mA;  amplification  factor  of  the  cascade  in  the  linear  mode  *,,*4.5; 
coefficient  of  inclusion  of  the  circuit  m*0.2;  number  of  cascades 
n*7;  value  of  resisistance  of  ARU  in  circuit  of  emitter  *■ -*•  h„  -  2.7 

kG.  With  the  selected  mode  and  resistance  /*,  fuliflled  is  the 
inequality 

a.  ^  V*.  a.  «■ 

Because  of  this,  for  the  calculation  of  AKh  of  the  cascade,  it 
is  possible  to  use  formula  (3-70). 

2- stage.  Calculation  of  amplifier  in  the  nonlinear 
mode/condi t ions . 

1.  According  to  experimental  input  characteristic  (Fig.  106)  we 
determine  coefficient  7.  For  this  we  are  assigned  ‘o,-«  mA  and 
•a,"10  mA.  From  the  curve  on  Fig.  106  we  find  0.38  v?  20  V. 
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From  the  relationship/ratio 


i«i  —  ai-u».  oi> 
'01 


we  determine  7*15. 


80 

ft 


2.  From  formula  (3-70)  we  calculate  AKh  of  cascade/stage  (curve 


1  in  Fig.  107)  and  also  voltage  in  circuit  u 
Fig.  107) 


(curve  2  in 
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4.  We  determine  modulus /module  of  mutual  conductance  of 
transistor  P416  at  frequency  of  rectified  signal  f,»30  MHz: 


s, 

V  i  +  (<«)• 


140 


1  /  2it  -  30  ■  10* 

10— * 

80\* 

1  T  1  ^  **'  ■  2jj 

120 

10*  / 

as  47 


mA/V 


where 


5.  We  determine  mutual  conductance  of  detectors  taking  into 
account  action  of  feedback  due  to  control  resistors  «„(«*•  —  «*). 
connected  in  emitter  circuit  of  transistors.  Resistors/resistances  «p 
take  20-40  ohms.  We  accept  a  -30  ohm.  Then  according  to  work  [22] 


- 


47-  10— * 


l  +  «  (S  +  <)  l  +  i'„  1  +  47.10-*  30 


19 


»A  f\J. 


since  S>>g.  We  accept  sa-20  mA/V. 


6.  We  choose  mode/conditions  of  work  of  transistors  of  detection 
cascades/stages  with  low  currents  of  collectors/receptacles.  Then 
angle  of  cutoff  9  is  close  to  ir/2.  Since  the  resistors/resistances  in 
the  emitter  circuits  are  blocked  by  the  capacitors/condensers  of 
sufficiently  great  capacity,  voltage/stress  on  them  for  the  pulse 
action  time  substantially  is  not  changed.  Consequently,  it  is 
possible  to  consider  angle  of. cutoff  9  as  constant. 
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7.  Choosing  different  values  of  coefficient  of  connection  of 

detector  to  duct/contour  <v it  is  possible  to  change  value  of  voltage 
of  signal,  which  enters  detector  .  With  an  increase  in  the  voltage 
on  the  input  of  detector  and  the  slope/transconductance  of  LAKh  of 
amplifier  increase.  However,  with  increase  in  «a the  effect  of  the 
parameters  of  detector  on  the  oscillatory  circuit  increases.  We 
accept  iO.2.  Then  the  output  voltage/stress  of  cascade/stage 

(curve  1  in  Fig.  107)  is  the  input  voltage  of  detector,  i.e. 

"nu  i  “  “»«.  wrr 

8.  For  exception/elimination  of  effect  of  parameters  of 

transistors  of  amplifier  stages  on  maximum  output  voltage/stress 
•W*  and,  therefore,  and  to  accuracy  of  LAKh  of  amplifier,  detectors 
we  place  in  mode/conditions  of  limitation  on  maximum.  The  threshold 
of  limitation  is  selected  «w*-o.5  v  (Fig.  107),  which  corresponds  to 
voltage  on  the  input  of  cascade/stage  V. 


9.  We  determine  maximum  amplitude  of  rectified  current  of 
collector/receptacle  with 


^ x  wun  m  m  “  0,319  ■  20*  1(H*  ■  0,5  ■  3,2  jnA 
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a«0.319  with  $-»/ 2. 


Page  325. 

10.  We  determine  total  resistance  of  load  of  detector  made  of 
following  considerations.  Upon  transfer  from  initial  operating  point 
/„»<>  into  the  mode/conditions  of  limitation  the  voltage/stress  on  the 
collector/receptacle  varies  from  supply  voltage  £„  to  zero.  We  accept 

sm-12  v  .  Then 

to* 

Resistor/resistance  Rm,M  is  equal  to  the  sum  of  the 
resistors/res istances 

J|  ■  ji  +  ^1  •  A  "t"  O" 

11.  We  assume  that  all  cascades/stages  identical.  Then  the 
working  dynamic  range  of  cascade/stage  d  (according  to  S  5  of  Chapter 
1)  is  equal  to  his  amplification  factor  with  the  work  in  the  linear 
conditions,  i.e. 

4,5  Or  *•  *■  13 


12.  Using  expression  (1-142),  we  design  necessary  incremental 
stress  for  summator  (resistor/resistance  due  to  one  nonlinear 
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cascade/stage 


Atf  —  AS-ilml  -  120  -  10-»  13- 1.55  V 


13.  We  calculate  resistor/resistance  of  summator  afc0-H„  on  the 
basis  of  coefficient  of  division  in  load  circuit  of  detector 


Whence 


■  nu 

aM“ 


»  B  3,75  1,55  _ 

"i  “  a  gn  15 


Then  resistor/resistance  H,,.ain  the  circuit  of  the 
collector/receptacle 


—  11,-3.75  —  0,48  *  2,95  kilOOhltl. 

In  this  case  relation  *j2|  »  a  <  10  (condition  4-17)  is 

performed  insufficiently,  i.e.,  sufficiently  precise  LAKh  with  the 
slope/transconductance  a«120  mV/dB  with  relieving  of  output  voltage 
directly  from  the  summator  cannot  be  obtained. 


14.  We  choose  according  to  GOST  -too  ohm;  **,,-3,6  kiloohm. 

Then 


***1  12  0.1 
WTjm  3  “  3j"~I3 


2.5  mV/dB. 
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15.  For  obtaining  required  slope/transconductance  of  LAKh  to 
output  it  is  necessary  to  connect  linear  amplifier  with  factor  of 
amplification 


K 


*■  7 


«  120 
«,  "  25 


-  4,8. 


Page  326. 

In  the  diagram  Fig.  71  video  amplifier  is  assembled  on 
transistor  T,  of  the  type  P416.  For  the  linearization  of  AKh  of  video 
amplifier  with  the  emitter  circuit  of  transistor  is  connected  the 
sufficiently  high  resistor/resistance  of  feedback  Rt,,  shunted  by  a 
small  capacity/capacitance,  which  corrects  the  frequency 
characteristic  of  the  video  amplifier  in  the  region  of  the  highest 
frequencies. 

16  *. 

FOOTNOTE  1 .  If  detectors  work  without  the  mode/conditions  of 
limitation,  it  is  expedient  to  solve  inverse  problem,  namely:  first 
from  formulas  (1-143)  and  (1-144)  to  calculate  values  *at,  and  then 
taking  into  account  condition  (4-17)  to  determine  values  «*.*.  «»  and 
S#.  END  FOOTNOTE . 

According  to  simplified  formulas  (1-143),  (1-144)  taking  into  account 
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new  values  ,,  and  u„,.  .  we  calculate  the  transmission  factors  of  1st 
and  all  remaining  detectors 


- 


«a  la  d 


25  10-*  13 


0.83; 


w.(*-rj  «(»-£) 

2,5  11)-*  13 


a2 


a  In  d 

T  • 


0,5 


>  0,85. 


As  it  is  not  difficult  to  see,  values  *nl-o,65  in  the  diagram  are 
already  realized  since  slope/transconductance  3,  it  is  designed,  on 
the  basis  of  the  values  and  accepted. 


It  is  most  easy  to  obtain  value  *a, -0.83  increasing  mutual 
conductance  of  1st  detector  sal  and  reducing  resistor/resistance 
**(*»•)  in  the  emitter  circuit  of  transistor  Tx.  We  find  desired  values 

and  R#: 


,s  —  20  - 

*4*rf  ^ 

47-25 
'  47  25 


S-S, 

ss , 


25  *£/•; 

(*f 
■  19  OM. 


Key:  (1).  mA/V.  (2).  ohm. 


We  accept  20  ohm. 

17.  According  to  amplitude  characteristics  of  cascades/stages, 
whose  ordinates  are  multiplied  by  coefficients  *a4  and  K^r  i.e. 

i  “  “mi*  y 

taking  into  account  mode/conditions  of  limitation  in  detectors  we 

I 
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construct  AKh  of  amplifier  (Fig.  108).  For  this  we  represent  AKh  of 
cascades/stages,  beginning  from  the  latter  (curve  7  in  Fig.  108),  in 
the  system  of  coordinates  -/<«>  of  that  calibrated  of  the  input  and 
output  voltages  of  amplifier.  The  amplitude  characteristics  of 
cascades/stages  6,  5,  4,  3  and  2  are  constructed  by  the  simple 
transfer  of  characteristic  7  along  the  axis  of  abscissas  to  the  value 
of  the  working  dynamic  range  of  cascade/stage,  i.e.,  on  d*13  dB.  In 
Fig.  107  where  u„  „-2  v"  zero  reference  level.  Summarizing 

the  ordinates  of  curves  1-7,  we  obtain  AKh  of  amplifier  (curve  8). 

Page  327. 

18.  We  carry  out  straight  line  9,  which  corresponds  to  precise 
LAKh,  calculated  by  formula  (1-34),  and  we  determine  dynamic  range, 
in  which  objective  parameter  sufficiently  coincides  precisely  with 
precise.  In  Fig.  107  it  is  evident  that  a„=.22  dB;  dB;  i.e. 

^jiax-83  dB. 

Maximally  expected  errors  of  LAKh,  which  will  be  obtained  on  the 
assumption  that  the  cascades/stages  work  in  the  mode/conditions  of 
linear  amplification  -  limitation,  they  can  be  calculated  by  formulas 
(1-184),  (1-186).  Calculated  errors  will  be  more  than  real  ones, 
since  cascades/stages  work  in  the  nonlinear  modes/conditions. 
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19.  Dynamic  range  of  LAKh  can  be  increased  on  10-13  dB,  if  we  to 
input  of  amplifier  connect  further  (zero)  detector  with  transmission 
factor  *  mm o,83.  In  this  case  the  first  detector  must  have  a 
transmission  factor  *al-o,85.  In  Fig.  71  the  null  detector  is  assembled 
on  transistor  Tx. 

Amplitude  characteristics  on  the  output  of  the  1st  and  null 
detectors  for  the  present  instance  Fig.  107  depicts  as  prime  and  are 
designated  through  i«  and  0.  Fig.  107  depicts  the  amplitude 
characteristic  of  amplifier  with  the  zero  (further)  detector  as 
curved  10.  In  the  same  figure  (dashed  curve  11)  it  is  shown  the  AKh 
of  the  amplifier  without  the  linear  video  amplifier  with  relieving  of 
output  stress  directly  from  the  summator  (resistor/resistance  R««). 

The  mock-up,  made  on  the  diagram  (Fig.  71),  tested  in  the 
laboratory.  Experimental  data  (point  in  Fig.  108)  very  well  coincide 
with  the  calculated  ones. 
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S4.  Tuning  of  functional  amplifier. 

The  adjustment  of  amplifier  with  FAKh,  just  as  calculation, 
should  be  carried  out  in  two  stages: 

1st  stage.  Regulation  and  tuning/adjusting  in  linear 
mode/ cond i t i ons . 

2nd  stage.  Adjustment  of  amplifier  for  obtaining  precise  FAKh. 

If  FAKh  in  n-cascade  amplifier  is  realized  according  to  the 

method  of  changing  the  factor  of  amplification  of  nonlinear 
# 

cascades/stages,  the  adjustment  of  amplifier  is  begun  from  the 
adjustment  of  separately  each  nonlinear  cascade/stage.  In  this  case 
it  is  necessary  that  the  amplitude  characteristics  of  nonlinear 
cascades/stages  would  correspond  precisely  to  calculated  ones. 
Special  attention  should  be  paid  to  satisfaction  of  working 
conditions  for  the  successive  of  nonlinear  cascades/stages. 
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Only  in  this  case  it  is  possible  to  sufficiently  easily  and 
rapidly  obtain  precise  FAKh  of  amplifier  as  a  whole.  After  all 
nonlinear  cascades/stages  are  controlled,  is  regulated  logarithmic 
amplifier  as  a  whole. 

If  FAKh  in  the  amplifier  is  realized  according  to  the  method  of 
adding  the  output  effects,  special  attention  should  be  paid  for  the 
selection  of  the  transmission  factors  of  the  corrective 
elements/cells  (detectors,  correcting  cascades/stages).  Methodology 
of  the  selection  of  the  transmission  factors  of  detectors  let  us 
examine  based  on  the  example  Fig.  108.  After  plotting  of  amplitude 
curve/characteristic  of  amplifier,  are  determined  the  sections  of 
dynamic  range,  in  which  LAKh  is  formed/shaped  with  some 
cascade/stage.  Let  us  suppose  experimental  of  characteristic  differs 
from  precise  to  the  large  side  at  points  a,  b,  c,  d,  e  and  f  (Fig. 
108).  It  is  obvious  that  for  eliminating  the  error  of  LAKh  it  is 
necessary  and  the  first  turn  to  decrease  the  transmission  factor  of 
the  3rd  detector  and  to  increase  the  2nd.  After  this  to  again  plot 
the  curve  of  amplifier.  If  there  will  again  be  divergences,  then  by 
change  of  the  transmission  factors  of  detector  reduce  them. 

In  order  to  eliminate  the  effect  of  the  characteristics  of  the 
previous  cascades/stages  on  the  characteristic  of  amplifier  during 
the  adjustment  of  the  i  cascade/stage,  it  is  necessary  to  regulate 
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(to  change  the  transmission  factors  of  detectors)  amplifier,  by 
beginning  from  the  latter  to  by  ending  with  the  first  (zero) 
detector. 

The  amplitude  characteristic  of  separate  selective  nonlinear 
cascade/stage  and  entire  amplifier  as  a  whole  it  is  possible  to  shine 
sufficiently  accurately  on  the  block  diagram,  depicted  in  Fig.  109. 

Page  328. 

As  the  source  of  signal  can  be  used  high-stability  standard 
signal  generator  (GSS),  from  output  of  which  it  is  possible  to 
remove/ take  usual  sinusoidal  high-frequency  oscillations  and 
oscillations,  modulated  in  the  amplitude  by  impulses/momenta/pulses 
or  audio  frequency.  The  high  stability  of  amplitude  and  depth  of 
modulation  of  the  generatable  oscillations  is  the  fundamental 
requirement,  presented  to  the  signal  generator. 

The  amplitude  of  the  oscillations,  removed  with  GSS,  can  be 
insufficient;  therefore  after  signal  generator  it  is  necessary  to 
switch  on  amplifier  with  strictly  constant  coefficient  of 
amplification  in  time.  The  value  of  the  signal,  which  enters  the 
input  of  adjustable  logarithmic  amplifier  (LU),  it  is  possible  to 

set  with  anTattenuator  which  stands  at  the  output  of  the  signal 
generator.  Since  the  attenuators  of  signal  generators  they  frequently 
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large  error  in  the  calibration,  for  removing/taking  AKh  the  amplifier 
with  the  high  accuracy  it  is  necessary  between  the  amplifier  Ux  and 
tuned  LU  to  include/connect  the  further  broadband  attenuator  A,  by 
using  which,  it  is  possible  with  the  high  accuracy  to  change 
attenuation  within  the  limits  from  0  to  100-120  dB. 

For  the  accuracy  of  the  removal/taking  of  LAKh  of  amplifier  it 
is  necessary  that  with  the  attenuator  it  would  be  possible  to  change 
attenuation  spasmodically  through  3-5  dB  with  the  accuracy  not  less 
than  1%.  Diagram  and  construction/design  of  this  attenuator  is 
described  in  work  [41].  During  the  use  of  a  further  precise 
attenuator  the  attenuation  in  the  attenuator  of  signal  generator  can 
be  reduced  to  zero. 

As  the  measuring  meter  I,  connected  at  the  output  of  logarithmic 
amplifier,  it  is  possible  to  use  a  cathode,  voltmeter  of  the  high 
class  of  precision.  During  rough  plotting  of  amplitude 
curve/characteristic  it  is  possible  to  use  an  oscillograph  of  the 
type  251  or  Sl-8  (UO-1M) . 

The  amplitude  curve  of  cascade/stage  or  amplifier  is  plotted  as 


follows.  At  the  output  of  GSS  maximum  voltage/stress  is  installed, 
and  in  the  attenuator  A  they  introduce  in  the  complete  attenuation. 

If  output  of  voltage/stress  GSS  is  small,  then  is  connected  amplifier 
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Ux  (key/wrench  Px  is  connected).  Then,  gradually  decreasing  the 
attenuation,  introduced  by  attenuator,  with  cathode  voltmeter  is 
fixed/ recorded  output  voltage/stress  for  each  value  of  the 
attenuation  of  attenuator. 
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Fig.  109.  Block  diagram  of  installation/setting  up  for  plotting  the 
amplitude  curve/characteristic  of  logarithmic  amplifier. 

Page  330. 

They  reduce  the  attenuation  of  attenuator  until  to  input  of  LU  begin 
to  enter  the  signals,  which  emerge  from  the  dynamic  range  of  LAKh  of 
amplifier.  After  plotting  points  to  the  semilog  diagram,  is  obtained 
real  AKh  of  amplifier,  which  with  the  small  divergences  from  the 
accurately  logarithmic  amplitude  characteristic  must  be  straight 
line. 


An  error  in  the  real  AKh  of  amplifier  is  determined  by  the 
divergence  of  points  from  straight  line.  An  error  in  the 
removal/taking  of  AKh  amplifier  is  determined  by  the  errors, 
introduced  by  attenuator,  measuring  meter  and  subjective  errors  of 
operator. 

For  the" rapid  testing  of  the  accuracy  of  real  LAKh  of  selective 


amplifier  it  is  possible  to  apply  the  method  of  the  modulated 
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oscillations/  whose  essence  consists  of  the  following.  If  we  to  the 
input  of  logarithmic  amplifier  feed  high-frequency  oscillations  with 
an  amplitude  of  ^modulated  in  the  amplitude  by  audio  frequency  with 
the  modulation  factor  m  —  where  amplitude  of  the  enveloping 

audio  frequency  at  the  input  of  amplifier,  then  at  the  output  of  the 
amplifier  of  amplitude  of  the  enveloping  audio  frequency 

U a  nix  =*  KaU i*.  Ha  In  (1  ■+■  m)  (6-7) 

and  with  m»  const  it  will  not  depend  on  the  value  of  the  amplitude  of 
high-frequency  oscillation  at  the  input  of  amplifier  in  entire 
dynamic  range  of  LAKh. 


Expression  (6-7)  can  be  registered  thus: 

U  a  bmx  =»  In  (1  -f-  «*)•  (6-d) 

Whence  the  slope/transconductance  of  LAKh  of  the  amplifier 


N  *"  la  (1  +  m) ' 


(6-8) 


For  the  more  precision  determination  of  the  value  of 
slope/transconductance  a  and  to  this  point  of  dynamic  range  LAKh 
coefficient  m  is  taken  not  more  than  0.02-0.05. 


In  this  case  formula  (6-9)  takes  the  form 


*N 


V*  nn 


(6-10) 


If  we  output  potential  of  selective  amplifier  linearly  rectify 
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with  the  help  of  the  detector  D  and  to  isolate  the  envelope  of  audio 
frequency,  then  the  amplitude  of  envelope  can  be  accurately  measured 
by  cathode  voltmeter  (amplifier  U,  with  the  coefficient  K,  it  can  be 
connected  for  an  increase  in  the  amplitude  of  detected  envelope  at 
the  low  values  of  n^K,  and 
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Taking  into  account  coefficient  Ka 


^8  m 

Ay m  ‘ 


(6-11) 


accuracy  of  LAKh  of  selective  amplifier  is  rapidly  checked 
as  follows.  In  standard  signal  generator  the  specific  modulation 
factor  m  is  installed.  The  scale  of  voltmeter  is  graduated  in 
accordance  with  equality  (6-10)  or  (6-11).  The  attenuation  of 
attenuator  further  is  changed  and  is  observed  the  arrow/pointer  of 
voltmeter.  In  the  case  of  precise  LAKh  the  arrow/pointer  of  the 
voltmeter,  connected  after  amplifier  Ua,  is  motionless  and  shows 
value  (6-11)  with  a  change  in  the  voltage  on  the  input  of  amplifier 
in  entire  dynamic  range  of  LAKh.  If  pointer  of  voltmeter  at  some 
values  of  input  voltage  differs  from  the  value,  determined  by 
expression  (6-11),  then  this  indicates  that  with  the  given  input 
voltage  the  objective  parameter  of  amplifier  differs  from  accurately 
logarithmic.  If  the  arrow/pointer  of  voltmeter  differs  from  the 
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assigned  magnitude  to  the  large  side,  this  means  that  the 
slope/transconductance  of  real  AKh  increases  (logarithm  to  the  base  N 
is  reduced)  in  comparison  with  the  given  one  and,  vice  versa. 

By  the  method  of  the  modulated  oscillations  it  is  possible  very 
rapidly  to  check  AKh  of  amplifier  and  to  come  to  light/detect/expose 
the  sections  of  characteristic,  which  deviate  from  the  accurately 
logarithmic. 
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^appendices. 


Appendix  1. 


Analytical  expressions  of  Y-parameters  for  the  transistors 


„  1  f'fl  +  i"* .  5  _3  ■*«  . 

Y "  '  !+/•*  ’  4  *+/*•' 


where 


„  c* 


The  cut-off  frequencies: 


for  the  common-base  circuit 


/  XT.  S*r9 
/«  ***  1  * 
2«t  • 


for  the  common-emitter  connection 


"  2«t  • 
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Upon  transfer  from  r-parameters  into  Y-parameters  of  the 
T-shaped  equivalent  schematic  of  the  transistor,  connected  on  the 
common-base  circuit. 


S,S=(t-«J'a  +  r,: 

*«  =  £;  g  =  s0 


v-  . 


D  = 


goOp 


'■k  (\  +  ro)  ’ 


»■«  -  rp  +  /■*  t 


>S*r<i 

W.’ 


where  a  -  coefficient  of  current  amplification  of  emitter;  — 
resistor/resistance  of  emitter;  ra—  resistor/resistance  of  base; 
-resistor/resistance  of  collector/receptacle. 


Upon  transfer  from  h-parameters ,  measured  in  the  diagram  with 
common  emitter, 

Appendix  3. 


Coefficients  A  and  B  must  be  selected  in  such  a  way  that  the 
functions  F(x)  and  f(x)  would  coincide  the  minimum  at  three  points, 
namely;  x*l,  0,  5  and  0.  Coincidence  of  f(x)  and  F(x)  even  at  three 
points  provides  a  sufficient  accuracy  of  calculations  in  view  of  the 
simple  character  of  function  f(x). 
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It  is  easy  to  see  that  functions  F(x)  and  f(x)  become  zero  with 
x»l.  Thus,  F(x)  and  f(x)  coincide  with  x=l. 

In  order  to  obtain  equality  F(0)*f(0)  with  x=0,  coefficient  A, 
according  to  (5-121),  it  must  be  equal  to 


•*  *■  /  (0)  —  /  (*)■-* 


(3-1) 


Fig.  110.  Curve  of  dependence  - s^. 

Fig.  111.  Curves  of  dependences  \i/(x)  at  different  values  «V*,: 

*-«**«- »-***»-*•*. 

Page  334. 

We  find  value  of  f(0). 

Substituting  the  value  of  x  from  expression  (5-117)  in  (5-119), 
we  obtain 


During  first  periiodine  voltage/stress  un  on  resistor/resistance 
R*  is  small  (considerably  less  than  the  amplitude  &m)  and  therefore 
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angle  of  cutoff  6 ,  is  maximum  and  equal  to  approximately  ir/2. 
Equalizing  x  to  zero  in  expression  (3-2)  and  substituting  the  value 
0»0,»ir/2,  we  obtain  the  following  expression  for  A 

S„(sin8  —  9cos8)  coa9  4  S„ 


A  =  f(  0) 


*  CM  Ux 


_  1 

cos#*  '  C„Kk 


cm  ax 


(3-3) 


Formula  for  calculating  the  coefficient  of  B  is  obtained,  on  the 
basis  of  the  requirement  of  coincidence  F(x)  and  f(x)  with  x*0.5. 

/  <0,5)  =—  Af  /  (0).  (3-4) 

The  value  of  coefficient  of  M  is  easy  to  find,  after 
constructing  plotted  function  f(x).  By  given  value  SHRH  the  angle  of 
cutoff  in  the  steady-state  mode/conditions  (Fig.  110)  is  determined. 
They  are  further  assigned  by  the  poison  of  the  values  of  angl|  d  in 
limits  of  90°  to  the  values,  close  to  8y,  and  in  formulas  (5-117), 
(5-119)  are  determined  the  appropriate  values  of  x  and  f(x). 


Equalizing  F(0.5)  and  f ( 0 . 5 )  to  each  other  and  taking  into 
account  relationships  (5-121),  (3-1)  and  (3-4),  we  obtain 

Af  a  0,5  (1  —  0,5fl).  (3-5) 

Whence 

B  =  2(l-»-2M).  I3-®) 

Curves  ^(x^f (x)/f (0) ,  necessary  for  determining  the  t  efficient 
of  M,  they  are  depicted  in  Fig.  111. 


Page  335. 
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